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ABSTRACT OF THE THESIS 
Establishment of an Acropora cervicornis (Staghorn Coral) Nursery: an 
Evaluation of Survivorship and Growth 
 
by 
 
Elizabeth Anne Larson 
 
Master of Science in Marine Biology 
Nova Southeastern University Oceanographic Center 
Dr. David S. Gilliam, Major Professor 
 
 
This thesis is the first study to provide a detailed characterization of Acropora cervicornis 
transplants and donor colony survival on southeast Florida coral reefs.  Since May 2006 
this species has been listed as a threatened species under the Endangered Species Act.  As 
populations continue to decline restoration efforts need to be evaluated to determine if 
there is an effort that could facilitate a population rebound.  The overall goal of this 
project was to examine potential Acropora cervicornis restoration techniques along the 
entire Florida reef tract including Broward County, Miami Dade County, and Monroe 
County.  For my thesis I used a portion of the data collected from the Broward County 
region nursery.  I analyzed data on the donor colonies and the nursery fragments.  The 
goals were to determine if fragments generated from clippings removed from donor 
colonies can 1) be transplanted to a nursery site, 2) have acceptable survivorship and 3) 
increase in complexity (branching).  Beyond survival and growth, I also examined 
genotypic differences in fragment survival and growth rates.  Twelve A. cervicornis 
donor colonies separated by as much as 26 km were identified, and monitored quarterly 
for 19 months.   From each donor colony three 10 cm clippings were removed for 
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transplantation to the nursery habitat and one 1 cm clipping was taken for genetic 
analysis.   Prior to transplantation, each 10 cm clipping was cut into 3 cm fragments.  
Transplantation occurred in September, October, and December 2007, transplanting 1/3 
of the fragments horizontal and 2/3 vertical in orientation.   Fragments in the nursery 
were monitored monthly through November 2008. During each monthly monitoring, 
images were taken, fragments were measured, branches were counted, and condition 
(partial mortality, disease, predation, etc.) was assessed. Each donor colony sampled with 
in Broward County for this project was determined to be a unique genotype using 
microsatellites.  Significant differences in survival, growth, and number of branches were 
determined among fragment genotypes.  Vertically orientated fragments had higher 
survivorship, but horizontal fragments had higher mean growth rates and number of 
branches per fragment.  This coral restoration project has the real possibility of providing 
important information on the effectiveness of utilizing the asexual, fragmentation, 
capacity of A. cervicornis to facilitate A. cervicornis population conservation.  My effort 
could contribute to a quantitative comparison of Acropora genotypic variation in 
survivorship and growth, which will provide information on intra- and inter-regional 
potential for large-scale restoration within the Florida reef tract.  
 
Keywords: Acropora cervicornis, nursery, transplantation, genotype
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1.0  INTRODUCTION 
1.1  SPECIES BACKGROUND 
Within the order Scleractinia the genus Acropora contains the greatest number of species, 
currently 370 nominal Acropora species known in literature worldwide (Veron and 
Wallace 1984). Acroporids first appeared in the geologic record during the Eocene (33-
35 million years ago) and by the Miocene (23 million years ago) they were widely 
distributed (Wallace and Willis 1994).   Historically, this genus was abundant across the 
Indo Pacific (Veron and Wallace 1984) and much of the Caribbean (Greenstein et al. 
1998; Vargas-Angel et al. 2003; Acropora Biological Review Team 2005; Keck et al. 
2005), dominating many tropical reef habitats, most commonly the fore and back reefs 
with intermediate to high levels of water energy and good light penetration. Although 
most Acroporids reside in shallow, high energy habitats there are a few Acroporids that 
reside in other habitats such as algal dominated areas, deep sites and sandy slopes 
(Wallace 1999).  In the Pacific and Indian Oceans (Wallace and Willis 1994) it is not 
uncommon to have multiple species of Acroporids dominating the reefscape.  However, 
throughout the Caribbean only two species exist, Acropora cervicornis (Lamarck 1816) 
(Staghorn coral) and Acropora palmata (Lamarck 1816) (Elkhorn coral). 
 
A. cervicornis is found throughout the wider Caribbean region including Florida, 
Bahamas, Bermuda and the western coast of the Gulf of Mexico. A.cervicornis plays a 
significant role in the marine community and is one of the most important corals on 
Caribbean reefs in terms of contributing to reef growth and habitat complexity.  It is a 
massive branching coral that is a major reef framework builder found most commonly 
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between depths of 0-30 meters (Goreau 1959; Goreau and Goreau 1973; Adey and Burke 
1977; Neigell and Avise 1983).  The mainly monotypic stands are generally found in 
high wave energy areas of shallow depths on fore and back reefs, spur and groove areas, 
and octocoral dominated areas (Davis 1982; Bruckner 2002; Acropora Biological Review 
Team 2005).  
 
The branching structure of each colony is irregular with secondary branches forming at 
approximately 60 to 90 degrees from the primary branch.  The cylindrical straight or 
slightly curved branches have an axial terminal corallite (apical end) with radial corallites 
symmetrically arranged around the branch orientated towards the branch tip and 
converging at the axial tip (Wallace 1999). Because of the colonies complex growth form 
and the ability to grow to sizes greater than 1 m3(Tunnicliffe 1981), colonies can provide 
protective habitats for many vertebrates and invertebrates reef species. 
 
Colonies grow by extratentacular budding (Vaughan and Wells 1943) at a rate of 3-15 cm 
per year (Shinn 1966; Schuhmacher and Plewka 1981; Gladfelter 1984; Porter 1987) 
which is a rate greater than massive or boulder corals such as the Caribbean stony coral 
Montastrea annularis which grows 0.6-1.1 cm per year (Dodge et al. 1974).  Some 
Acroporid species are thought to be able to bud indefinitely and have no definite 
maximum size; indeterminate growth form (Wallace 1999).  Colony morphologies can 
change based on habitat type and depth, as depth increases colonies tend to be less 
compact and have longer branching intervals.  Branch diameter typically ranges from 
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0.25- 1.5cm, and where wave force is minimal, branch diameter maybe half the diameter 
of a colony in a surge zone, (Acropora Biological Review Team 2005). 
 
A. cervicornis reproduces sexually, as a broadcast spawning simultaneous hermaphrodite 
and asexually by fragmentation.  Fragmentation is the most common form of 
reproduction and occurs when a branch breaks off from an existing colony and 
reestablishes itself on the substrate and grows into a new colony.  Genetic variability 
within the species may be declining within regions because fragmentation results in 
multiple colonies (ramets) of the same genotype, while sexual reproduction results in the 
creation of new genotypes (genet).  When conditions are good, existing population are 
fragmenting and increasing the population size (through ramets), but because of the low 
genetic diversity of the current populations under ideal situations it may be difficult or 
impossible for A. cervicornis colonies to sexually reproduce. Colonies of A. cervicornis 
spawn between 2-15 days after the full moon of July and/or August (Szmant 1986; 
Vargas-Angel et al. 2006).  Annual egg production in Acropora populations in Puerto 
Rico was estimated to be 600-800 eggs per cm2 of living coral tissue (Szmant 1986).  
Only 5% of recruits that survive and settle have the ability to overcome stressed 
environmental conditions and survive to a mature state (Soong and Chen 2003).  In 
Broward County Florida (my study location) it was reported that the mean number of 
A.cervicornis recruits were only 0.01 per m2 (Vargas-Angel et al. 2003). 
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1.2 THREATS TO A. CERVICORNIS 
A. cervicornis populations, along with all Caribbean corals, have many contributing 
factors affecting their densities.  Changes in population densities may be attributed to 
human impact, nutrient loading, disease, hurricanes, predation, algae overgrowth and 
thermal stress.  The intense wave action in the shallow coastal waters caused by 
hurricanes and storms can produce multiple broken branches per colony or even damage 
colonies beyond recovery.   Hurricanes are damaging, but also remain a means to 
facilitate asexual reproduction.  However, only under suitable circumstances (good water 
quality, low predation, and favorable habitats) will fragments broken by storm events 
survive (Highsmith et al. 1980; Tunnicliffe 1981; Bowden-Kerby 2001). 
 
Scleractinian corals are extremely sensitive to environmental changes with optimal 
temperatures between 25 to 29º C; the maximum recorded tolerable temperature noted for 
acroporids is 32º C (Wells 1956; Gladfelter 1984).  Colonies will expel zooxanthellae and 
have slowed growth at temperatures above 33º C or below 26º C (Shinn 1966; Jaap 
1979).  If temperature extremes persist for a long period of time bleaching may occur 
(Ogden and Wicklund 1988), which could lead to mortality.  Bleaching has been noted as 
causing population declines in A. palmata (Miller et al. 2002a) but less common for A. 
cervicornis (Ghiold and Smith 1990; Lang et al. 1992).  More typically disease related 
declines are found (Peters et al. 1983; Peters 1997). 
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1.2.1  PREDATION 
Corallivores are abundant and contribute to the mortality of A. cervicornis throughout its 
habitat range. Species such as the bearded fire worms, Hermodice carunculata (Vargas-
Angel et al. 2003), corallivorous gastropod, Coralliophila abbreviata (Bruckner et al. 
1997; Miller et al. 2002b; Baums et al. 2003) and the threespot damselfish, Stegastes 
planifrons (Kaufman 1977) are the most commonly documented predators (Bruckner and 
Bruckner 2001; Acropora Biological Review Team 2005).  
 
The predator H. carunculata denudes A. cervicornis of living tissue by engulfing entire 
branch tips (Shinn 1976).  It does this by stretching its buccal region over the coral 
branch tip.  Once removing itself from the branch a white scar (denuded tissue) remains 
several centimeters in length from the tip.  Tissue beyond the predation area is not 
visually affected; a sharp edge between the living tissue and bare skeleton is generally 
seen.  Within a few days filamentous algae will occupy the denuded area.  H. carunculata 
is also a predator of other corals, A. palmata and some Montastrea species (Marsden 
1962; Porter 1987; Hayes 1990).   
 
The corallivore, C. abbreviata is known to feed on at least 14 Caribbean scleractinian 
coral species, including A. cervicornis (Miller 1981; Baums et al. 2003).  C. abbreviata is 
a highly camouflaged snail typically found at the base of colonies or the underside of 
branches.  The snail leaves a feeding scar that often has a scalloped edge leading from the 
colony base.  With an average coral tissue consumption rate of 1.9 cm2 snail-1 day-1 they 
have a significant impact on coral populations and communities.  When feeding on A. 
palmata the consumption rate can reach up to 3.0 cm2 snail-1 day-1(Miller 2001).  While it 
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is noted that C. abbreviata feeds on both Acropora species (Acropora Biological Review 
Team 2005; Williams et al. 2006), there are only a few examples of snail predation on A. 
cervicornis (Knowlton et al. 1981; Rylaarsdam 1983; Williams and Miller 2005).  
Because of the branching structure of A. cervicornis the distinctive feeding scar left 
behind by the snail is often unidentifiable unless the snails are seen.  Snail predation scars 
could be misidentified as white band disease or rapid tissue loss. 
 
Adult S. planifrons form territories (algal lawns) within the branching structures of the 
colonies.  They establish algal nursery gardens by denuding the skeleton of coral tissue.  
This is done by repeatedly biting at an area on the coral to remove tissue providing a 
substrate area for algae to settle.  The denuded skeleton will either repair itself or more 
than likely become occupied by filamentous algae.  S. planifrons will then tend to the 
algal garden.   Small white chimneys or lesions with filamentous algae represent the algal 
lawn of S. planifrons. While algal lawns are typical behavior, S. planifrons establish their 
lawn on live coral colonies, where as other reef fishes tend to use coral rubble (Kaufman 
1977).    If these lawns become large enough the lawns can kill corals by exposing large 
areas of bare coral skeleton leaving it accessible for boring organisms and high rates of 
algal settlement. 
 
1.2.2  DISEASE 
White Band Disease (WBD) is often referred to as the dominant disease affecting 
Acropora cervicornis tissue. The causal agent of this disease is not yet known, and no 
consistent assemblage of microorganisms has been found to occur at the tissue sloughing 
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interface (Antonius 1981; Peters et al. 1983; Ritchie and Smith 1995; Peters 1997; 
Aronson and Precht 2001).  It was first described in the 1980s as the cause for mass 
mortality of A. cerviconis and A. palmata in the Caribbean (Peters et al. 1983).  WBD is 
blamed for the mass mortality in part because the colonies showed no signs of physical 
damage (Peters 1997).  The condition was characterized as a sharp white band of 
denuded skeleton advancing upward from the base along the colony axis towards the tip 
(Gladfelter 1982; Peters 1997).  The disease moves up the branches at a rate of up to 4 
cm day -1 (Gladfelter 1982; Williams and Miller 2005).  The disease interface is 
distinguished by a white band with distinctive edges.  The band is typically bright white 
and about 1 cm in height.  This band is the preceding edge of the disease and boarder’s 
healthy tissue to the side the disease is “moving” followed by a recently denuded skeleton 
often covered by a light turf algae.   
 
More recently a new cause of mortality has been described in A. cervicornis as “rapid 
tissue loss” (RTL).  It is unknown when this condition was first seen, but it was described 
recently in the literature (Williams and Miller 2005; Williams et al. 2006; Ainsworth et 
al. 2007).  The condition is similar to WBD in that it proceeds along the branches, but 
moves at an alarming rate (faster than WBD), and has the ability to cause substantial 
mortality within days.  The edge between healthy tissue and the diseased area appears 
jagged or undefined (Williams and Miller 2005; Williams et al. 2006).  The condition can 
proceed up one side of branches, around branches, or a combination of both.  If wafted 
the tissue can be seen falling off of the skeleton (Pers. Obs.).  Typically there is not a 
distinct band like seen in WBD, if the condition is active the skeleton of denuded tissue, 
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sometimes entire branches or colonies remain bright white.  Most often algae do not 
settle on the denuded skeleton until the condition has looked to have stopped proceeding 
(Pers. Obs.).  
 
1.3  STATUS 
By the end of the 1970s and into the 1980s A. cervicornis populations had shown 
dramatic decreases (80-90%) throughout the greater Caribbean (Greenstein et al. 1998; 
Aronson and Precht 2001; Miller et al. 2002a; Rogers et al. 2003; Acropora Biological 
Review Team 2005).  Between 1974 and 1982 A. cervicornis decreased in coverage by 
18% at Carysfort reef (Florida Keys) (Dustan and Halas 1987) and by 1984 it was 
reported that there was a complete loss of both A. cervicornis and A. palmata with WBD 
being the probable causal agent (Aronson and Precht 2001; Szmant 2002).  At Looe Key 
there was a 93% decline of  A. palmata and 98% of A. cervicornis from 1993-2000 
(Miller et al. 2002a).  A once highly abundant species across the Caribbean has remained 
at extremely low levels of abundance for two decades and counting. 
 
The decline of A. cervicornis populations have changed the total reef framework from 
what was a three dimensional living structure to a less complex environment.  The loss of 
this habitat affects not only reef fish populations and reef functions, but also the 
ecosystem that many humans rely on for food, recreation, and income. From June 2000- 
May 2001, reef related expenses accounted for 2.1 billion in sales and provided 36,000 
jobs in Broward County alone (Johns et al. 2001). 
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In May 2006, NOAA’s National Marine Fisheries Service listed A. cervicornis and A. 
palmata as a threatened species under the Endangered Species Act, which is a species 
likely to become endangered in the near future (NMFS 2006).  As a listed species, 
research into preserving existing populations and expanding populations are even more 
critical.  As A. cervicornis populations decline, colonies may become reproductively 
isolated, which leads to concern for long-term persistence of A. cervicornis populations 
(Bruckner 2002; Bruckner and Hourigan 2002; Baums et al. 2005b). 
 
1.4 GENETICS 
A recent study examining the genetic exchange and clonal population structure in A. 
palmata identified a distinct population in the eastern and in the western Caribbean, with 
an area of genetic mixing located in Puerto Rico (Baums et al. 2005b).  Additionally, 
Baums reported that sampling A. palmata from 9 Florida reefs resulted in 34 genets 
(using microsatellites) (Baums et al. 2005b).   A study in the greater Caribbean found that 
276 samples of A. cervicornis resulted in 160 genets (based on multilocus mitochondrial 
genotype data from one or more loci), and of those 276 samples 15 were collected in 
Florida of which resulted in 5 genets (0.333 genets/ramet) (Vollmer and Palumbi 2007). 
Vollmer and Palumbi also found that A.cervicornis exhibits moderate to high levels of 
population structure among regions separated by as much as 500 km (similar results have 
been recorded for A.palmata (Baums et al. 2005b)).  They also found that even in close 
populations (2 km) population structure may be occurring. Implying that gene flow 
across the greater Caribbean and at smaller spatial scales is limited.  Of the corals 
sampled in this project 58% were unique individuals.  However, in 2010 Hemond and 
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Vollmer increased their sample size and found that there may be a high gene flow within 
the Florida Keys A. cervicornis population, but restricted over regional scales (seen in 
other species (Richards et al. 2007)). Also found were high levels of genetic structure 
between Florida and other Caribbean regions, Panama was the most similar to Florida 
and Curacao was the most distant suggesting that gene flow is from the Caribbean to 
Florida (Hemond and Vollmer 2010).  Either result indicates that Florida populations are 
unique and should be managed as distinct populations. Obtaining a base line data set on 
the genetic dispersal of A. cervicornis is necessary for conservation managers to 
determine how to proceed with management strategies and addressing the status of the 
threatened coral A. cervicornis (Baums 2008).   It is currently a crucial time for sampling 
and data collection, while colonies still exist.  The degree of genetic connectivity among 
populations is important in understanding the potential adaptation of local populations to 
specific environmental conditions and the potential for re-colonization from neighboring 
or distant reefs in areas of extirpation. 
 
1.4.1 MICROSATELLITES 
Microsatellites DNA are more useful genetic markers in anthozoa since mtDNA lacks the 
high levels of variation seen in microsatellites.  Sequences from introns, allozymes and 
rDNA have all been used to address hybridization and population genetics, but their 
complicated interpretations, low sequence divergence and consequent resolution have 
lead to the use of microsatellites for coral populations. 
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Microsatellites are typically found in the non-coding regions of nuclear genomes and are 
sequences of tandem repeats of 1-6 nucleotides.  These regions are known for high rates 
of mutation up to 0.001 gametes/ generation.  The high rate of mutation is useful in 
studying the evolution of a species on a short time scale, and allows ecologists to research 
fine-scale differences in relatedness of individuals or groups, genetic structures of sub-
populations and populations, effective population size, gene flow, and phylogenetic 
studies (Selkoe and Toonen 2006).   
 
Baums (2005) was the first successful researcher to develop and amplify microsatellite 
DNA markers in an Acropora species.  There were a few previous attempts using six 
different methods to find microsatellites in Acropora species, however all attempts were 
unsuccessful (Marquez et al. 2000).  Baums was however successful by using Southern 
blots to assess the abundance of different microsatellites in the nuclear genome of A. 
palmata.  From the data collected from the Southern blotting microsatellite markers were 
developed and confirmed through controlled crosses.  The most abundant and variable 
repeat was AAT for A. palmata.   
 
The flanking regions surrounding the microsatellite are typically conservative and 
therefore can be used to identify the microsatellite locus.  Primers are made to bind to the 
flanking regions leading to the amplification of the microsatellite through PCR.  The 
microsatellite markers developed by Baums for A. palmata could also be amplified in the 
DNA of A. cervicornis, which is possible in closely related species (Primmer and Merila 
2002).   
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Microsatellites are useful for not only population connectivity questions, but also 
reproductive biology due to their high degree of polymorphism.  With an increase in 
sample size and repeated sampling, through the use of microsatellites the reproductive 
modes of the population could be determined (sexual or asexual).  In addition to 
reproductive studies, phenotypic difference in corals have also been expressed through 
research on genets exhibiting different responses to bleaching (Edmunds 1994) and 
disease (Vollmer and Kline 2008) events.  Understanding the phenotypic differences 
expressed may be critical in the restoration of this threatened coral population.   
 
1.5  CORAL TRANSPLANTATION  
Coral transplantation has long been a method of restoration to damaged or degraded reefs 
(Bak and Criens 1981; Plucer-Rosario and Randall 1987; Guzman 1991; Clark and 
Edwards 1995; Rinkevich 1995; Becker and Mueller 2001).  In addition to coral 
transplantation, coral nurseries have been a growing trend in the face of coral reef 
degradation and loss (Tunnicliffe 1981; Laydoo 1996; Bowden-Kerby 2001; Soong and 
Chen 2003; Okubo et al. 2005; Sharif et al. 2006; Amar and Rinkevich 2007).  A coral 
nursery is an in situ or ex situ area where coral fragments are grown to a size suitable for 
further transplantation. As a fast growing family, Acroporidea have been very successful 
in transplantation and nursery efforts across the tropics (Shinn 1976; Bak and Criens 
1981; Yap and Gomez 1985; Plucer-Rosario and Randall 1987; Becker and Mueller 
2001; Bowden-Kerby 2001; Soong and Chen 2003). Each nursery varies in methods such 
as a hanging nursery, floating nurseries and concrete platforms. 
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Soong and Chen (2003) hung A. pulchra fragments of different sizes and orientation 
using fishing line from a metal and plastic grid in southern Taiwan.  The longer 
fragments (4 and 7 cm) branched earlier and had a greater increase in tissue than shorter 
fragments (1cm).  Fragment survival varied by size and quality of nursery maintenance.  
Mortality only occurred in the group where algae were not cleaned from the line and was 
greater in the smaller fragments.   
 
In the Maldives, Clark and Edwards (1995) used coral transplantation as a method for 
reef rehabilitation.  They transplanted 530 whole coral colonies of 5 genera using cement 
and masonry nails to a concrete platform.  The colonies were monitored over 28 months 
and resulted in a survivorship of 51%, 25% of the mortality was seen in the first seven 
months.  The transplantation site used in this study was known as a high energy 
environment, which may have also been an influencing factor in colony survival.  Based 
on their results from the high energy environment, they concluded that it may be more 
cost effective in time and budget to transplant segments or fragments rather than entire 
colonies.   
 
On the leeward coast of Curacao, Bak and Criens (1981) evaluated the affect of 
hurricanes on three coral species (Madracis mirabilis, A. cervicornis and A. palmata) and 
the potential for natural recovery.  They mimicked storm damage by fragmenting 
colonies in 3x3 m quadrats and studied survival and growth.  The Acroporids had self 
attached within 3-4 weeks post fragmentation.  Living coral cover did not decrease until a 
disease event caused 100% fragement mortality.  Bowden-Kerby (2001) found that 
 13
survival of loose fragments was size dependent and that the presence of rubble or solid 
structure increases survivorship. 
 
A low cost floating nursery was deployed in the Red Sea (located in nutrient enriched 
waters from a nearby fish farm) in 2003 by Shafir et al. (2006). Transplanted to the 
nursery were 6,813 fragments from 5 branching coral species.  After 144 days fragment 
survival was 68.5 % and colony volume increased 22 fold.  Using the coral fragments 
from this floating coral nursery Amar and Rinkevich (2007) were able to demonstrate 
that coral fragments in a nursery are not only reproductive after two years but, in most 
cases the number of released planulae per colony was greater in the nursery colonies than 
naturally occurring colonies of similar size. 
 
In summary, based on the results of these nursery projects Acropora was a very 
successful genus to use to establish coral nurseries.   Even without secure mounting 
Acropora fragments were able to self attach within 3-4 weeks, however when fragments 
were attached by epoxy base growth was seen within days (Guest et al. 2009).  It was 
most cost effective to use fragments taken from healthy donor colonies. The survival rate 
was greatest in fragments greater than 1 cm and in nurseries that were well maintained. 
 
1.5 PROJECT OVERVIEW 
In 2007, Nova Southeastern University’s Oceanographic Center (NSUOC) and the 
National Coral Reef Institute began working with The Nature Conservancy on a regional 
(SE Florida and Florida Keys) study to investigate A. cervicornis restoration. NSUOC’s 
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involvement was part of a larger project, which included regional research teams from the 
University of Miami (Biscayne National Park), Mote Marine Laboratory and The Coral 
Restoration Foundation (Florida Keys). In each region, genotypically unique fragments of 
naturally occurring A. cervicornis were collected and propagated.  My thesis was part of 
this A. cervicornis restoration project and concentrated on the Broward County, 
southeastern Florida region.   This area is of particular interest because A. cervicornis 
populations found here are of potentially greater densities compared to the Florida Keys, 
and this area approaches the northern most latitudes of the species range (Vargas-Angel 
et al. 2003). Stony coral cover for Broward County is typically less than 6% (Moyer et al. 
2003; Gilliam et al. 2005; Sathe et al. 2008), whereas areas of higher density A. 
cervicornis populations have been as high as 47% live A. cervicornis cover but more 
recently have fallen to around 30% cover (Gilliam et al. 2005; Gilliam et al. 2007; 
Gilliam 2008). 
 
The overall study design for each region was to collect clippings from naturally occurring 
genotypically unique A. cervicornis colonies, transplant these clippings onto nursery 
habitat, and allow these clippings to grow in the nursery for at least one year before 
transplanting nursery fragments to outplant sites.  The fate of each clipping from the 
donor colony to the nursery and then outplant site were followed and evaluated based on 
its genotype.  By transplanting the fragments to the same habitat (nursery), variations 
among genotypes in survivorship, growth and/or health may lead to identifying 
potentially superior transplant donors (high survival, growth rates and production).  The 
regional short term success of this project will be determined by 1) the survivorship of 
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fragments within the nursery site and 2) measurable increases in fragment size and 
complexity.   This project will also enhance our knowledge of the remaining population 
by providing valuable information on 1) the degree to which genotypic variation plays a 
role in influencing survivorship, growth, and tolerance to bleaching, disease or other 
disturbances and 2) connectivity of corals across south Florida. 
 
The successes of this project also highlights the long term regional goals of 1) restoring 
degraded coral reefs throughout south Florida, 2) enhancing the genetic variability by 
increasing the likelihood of cross fertilization between genetically distinct colonies 
located at the nursery site and outplant sites and 3) determining the optimum environment 
that fosters the best coral reef growth and survival.   
 
This coral restoration project has the real possibility of providing important information 
on the effectiveness of utilizing the asexual, fragmentation, capacity of A. cervicornis to 
facilitate A. cervicornis population conservation.  It will also provide 1) a quantitative 
comparison of genotypic variation in staghorn coral across most of the Florida reef tract 
(Florida Keys to SE Florida), 2) an evaluation of regional variation in survivorship and 
growth 3) establish a solid underlying basis for where large-scale restoration within the 
reef tract will provide the greatest returns in ecosystem goods and services and 4) will 
establish a south Florida network between universities, management agencies and 
NGO’s. 
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1.5.1  PROJECT SITE 
1.5.1.1  BROWARD COUNTY 
The Florida reef system extends from the Dry Tortugas north through Martin County.  
Between Martin County and Monroe County there is a linear reef system paralleling the 
eastern coast of Florida.  This linear reef system offshore Broward County has been 
described as three parallel reefs separated by sand (Moyer et al. 2003; Walker et al. 2008) 
at varying depths and an area of colonized pavement nearshore (Walker et al. 2008). 
1.5.1.2  PROJECT LOCATION 
The Broward County A. cervicornis nursery was established on an area of colonized 
pavement-shallow (Walker et al. 2008) north of Port Everglades, Florida (Figure 1).  The 
principle reason this site was chosen was due to the high density A. cervicornis thickets 
found in the area (Vargas-Angel et al. 2003), which provided some confidence that 
environmental conditions favored Acropora cervicornis growth.   
 
2.0  RATIONALE, GOALS AND HYPOTHESES  
2.1  RATIONALE 
As a threatened species, more studies evaluating methods to conserve and restore A. 
cervicornis populations are needed.  As populations continue to decline restoration efforts 
need to be evaluated to determine if there is an effort that could facilitate a population 
rebound.  The larger project was used to evaluate potential A. cervicornis restoration 
techniques across multiple regions of South Florida.  Through the success of this project, 
future restoration projects will have a starting point to larger scale restoration efforts. 
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2.2 GOALS AND HYPOTHESES 
For my thesis I used a portion of the data collected from the Broward County region 
nursery.  I analyzed data on the donor colonies and the nursery fragments.  The goals 
were to determine if fragments generated from clippings removed from donor colonies 
can 1) be transplanted to a nursery site, 2) have acceptable survivorship and 3) increase in 
complexity (branching).  Beyond survival and growth, I also examined genotypic 
differences in fragment survival and growth rates. The following hypotheses were tested. 
2.2.1  HYPOTHESES 
  
2.2.1.1  NURSERY FRAGMENTS  
Ho 1: There will not be a significant difference in survivorship between 
fragment genotypes. 
Ho 2: There will not be a significant difference in survivorship between 
fragment orientations 
Ho 3: There will not be a significant difference in linear growth or tissue 
extension between seasons.  
Ho 4: There will not be a significant difference in growth rate (linear growth 
and tissue extension) between fragment genotypes. 
Ho 5: There will not be a significant difference in the number of developed 
branches between fragment genotypes. 
Ho 6: There will not be a significant difference in growth rates between 
fragment orientations 
Ho 7: There will not be a significant difference in the number of developed 
branches between fragment orientations 
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3.0  MATERIALS AND METHODS 
3.1  DONOR COLONIES 
Donor colonies sites were chosen by acquiring GPS points of sites in the coastal waters 
of Broward County where A. cervicornis had been noted as existing.   Specific sites were 
chosen to cover the latitudinal range of Broward County.   If an area within this range 
was not adequately covered (gaps between known A. cervicornis colonies), GPS points 
were chosen, using ArcGIS, along the near shore ridge complex to search for A. 
cervicornis colonies. The near shore ridges are parallel to Florida’s eastern coastline are 
the most common areas in Broward County that currently have A. cervicornis 
populations. 
 
Once the donor colony site was established, donor colonies were chosen based on the 
following criteria, 1) the colony appeared in good health, 2) disease was not currently 
present on the colony, 3) colony boundaries were definable (colony was not part of a 
large mass or overlapping with a neighboring colony) and 4) there were three branches 
long enough to remove a 10 cm clipping.  
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Offshore Broward County 12 A. cervicornis colonies were chosen as donor colonies 
(Table 1; Figure 1).  Each colony was marked with a nail and plastic tag secured to the 
substrate adjacent to the colony (Figure 2).  Length, width and height measurements (cm) 
were taken of each donor colony.  Planar length and width measurements were taken 
using a fiberglass measuring tape, height was taken from the colony attachment point 
though the growth axis to the tallest point on the colony (Figure 2). 
Table 1.  Table of donor colony sites and nursery locations. 
Site # Donor # Depth (m) Latitude N Longitude W(dd mm.m) (dd mm.m) 
1 1 5.2 26 08.985’ 80 05.810’ 
1 1.1 5.2 26 08.985’ 80 05.810’ 
2 2 6.1 26 08.867’ 80 05.793’ 
3 3 4.3 26 13.367’ 80 05.063’ 
4 4 3.6 26 10.018’ 80 05.426’ 
4 4.1 3.6 26 10.035’ 80 05.416’ 
5 5 3.4 26 09.789’ 80 05.427’ 
6 6 6.1 26 06.393’ 80 05.787’ 
7 7 3.7 26 04.923’ 80 06.223’ 
8 8 4.3 26 03.430’ 80 06.336’ 
9 9 6.7 26 01.496’ 80 06.249’ 
10 10 5.2 25 59.346’ 80 06.550’ 
Nursery   5.2 26 08.995’ 80 05.811’ 
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Figure 1. H
abitat m
ap displaying the locations of the 10 donor colony sites and the nursery site.  Tw
o donor 
colonies w
ere at Sites 1 and 4.   
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Donor colonies were monitored approximately quarterly, recording data on health 
(disease and predation), survivorship, wound healing, and growth.   
 
 
 
 
 
 
 
A B 
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Figure 2. Image representing donor colony measurements.  Image A (planar view) is depicting the length (L) 
and width (W) measurements, Image B (side view) is depicting the colony height (H) measurement. On the 
left side of both images is the colony tag (G4). 
 
3.1.1  DATA ANALYSIS  
Donor colony data was analyzed for colony survival, growth and genotype. Donor colony 
project survival was determined by dividing the number of colonies living at the end of 
the monitoring period by initial number of colonies.  Colony growth was determined by 
subtracting the colony length from the previous month measurement, then dividing by the 
number of days between the measurements to get growth per day.  For growth per year 
this value was multiplied by 365.   
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3.2  GENETIC ANALYSIS 
Clippings, approximately 1 cm in length, were taken from each donor colony for 
genotypic analysis.  Each sample was placed in a 5ml vial filled with 95% EtOH and 
labeled with the donor colony identification.  These samples were sent to Dr. Illiana 
Baums at Pennsylvania State University for genotypic analysis.  Microsatellite DNA 
analyses were used to determine the genotypic identities (Baums et al. 2005a).  This data 
was later used to group the fragments within the nursery into corresponding genotypes 
for data analysis a posteriori and to assist with outplanting organization.  
 
3.3  NURSERY CONSTRUCTION 
To maximize Acropora cervicornis fragment survival, a nursery site was constructed in 
Broward County in an area where there were known populations of naturally occurring A. 
cervicornis. The Broward nursery was modeled after the design devised by Ken 
Nedimyer, founder of the Coral Restoration Foundation (www.coralrestoration.org) and 
principal investigator of the Key Largo nursery effort who has had a great amount of 
success propagating A. cervicornis.   
 
The nursery was constructed by deploying and cementing cement blocks directly on hard 
substrate, avoiding stony corals, octocorals and large sponges.  The other regions 
participating in the larger project were able to deploy their nursery material in low energy 
sandy areas and avoided the use of cement.  The cement blocks were secured directly to 
hard substrate in Broward County because there was not a suitable low energy sandy area 
to deploy blocks without the risk of burial or being overturned.   
 23
Prior to nursery set-up the substrate was cleaned with wire brushes to clear loose debris. 
Ten cement blocks were cemented to the substrate in two parallel rows of five with 
approximately 1-2 meters between rows and 1 meter between blocks to allow for easy 
data recording and room for divers to move between the blocks (Figure 3).   
Figure 3.   Broward County Acropora cervicornis 
nursery site layout.  The site has ten cement blocks 
secured to the substrate with approximately 1.5 m 
between rows and 1 m between consecutive blocks. 
Each block had ten two-part raised structures cemented to the tops referred to as pucks 
and pedestals (Figure 4). The pucks and pedestals were made using a half-and-half 
mixture of white Portland cement and fine grain sand.  Plastic cups (9 ounce) were used 
as a mold.  Each cup was sprayed with non-stick vegetable spray; filled ¾ full with the 
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cement mixture (pedestal); dried at least one hour; dusted with a thin layer of sand; 
completely dried; then filled to the top with another layer of cement (puck).  The thin 
sand layer provided a buffer between the two parts so they could easily be separated 
when dried.  Rough edges were then removed using course sandpaper. 
 
Figure 4. Images of cement block at the nursery site with ten puck and pedestal combinations 
cemented to each block. 
Each puck was epoxied to a pedestal using All Fix Epoxy © (www.allfixepoxy.com). The 
puck and pedestal combination were cemented to cement blocks in two rows of five.  
This structure kept the fragments raised to a level where sedimentation should have 
minimal effect on the fragments.   Sedimentation inhibits coral growth and survival so 
raising the fragments from the bottom reduces the amount of silt and sediment settling on 
the corals increasing their chance for survival (Yap and Gomez 1985).   
 
In order to delineate between the pucks each were labeled with three identifiers. A letter 
(a-i) designated the block, a number (1-10) designated the donor colony and a roman 
numeral (I-III) designated the clipping number. For example, a1I identified that the 
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fragment was on block a, from colony 1 and clipping I.  The identifier was applied using 
permanent marker and covered with a clear marine resin.  Resin was used over the 
identifier so that it was easier to remove algae from the identification during monitoring 
(Figure 5). 
Figure 5. Nursery puck with three identifiers, block(a), donor(10), and 
fragment(I), coated in marine resin. 
3.4  TRANSPLANTATION 
From each donor colony three 10 cm clippings were removed using diagonal cutters 
(Figure 6) and were transported to the nursery in plastic screw top jars filled with 
seawater.  Clippings were never exposed to air.  At the nursery site, each 10 cm clipping 
was cut again into three 3 cm fragments (Figure 6).  In total each donor colony provided 
nine fragments to the nursery, for a total of 90 fragments.  Fragment length of 3 cm was 
chosen based on other successful transplantation projects and the success of Ken 
Nedimyer’s previous projects (Rinkevich 2000; Bowden-Kerby 2001; Soong and Chen 
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2003).  Each fragment was epoxied, using All Fix Epoxy©, to an individual puck. The 
fragments were orientated 2/3 (n=60) vertically and 1/3 (n=30) horizontally (Figure 7).     
 
Figure 6. Clipping and fragmenting wild Acropora cervicornis colonies.  Left photo: three 10 cm 
clippings were taken from each donor colony. Right photo: each 10 cm clipping was cut into three 3 cm 
fragments at the nursery. 
The nursery was visited monthly for data collection and maintenance.  Monthly fragment 
monitoring data included growth, number of branching events, and health observations 
(presence/ absence of disease, bleaching, predation or breakage).  Each puck and pedestal 
was cleaned using wire brushes and toothbrushes to rid the area of algae and other 
overgrowth.   
Figure 7.  Fragments in the nursery were 
transplanted on the pucks both vertically and 
horizontally.
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Two types of in situ growth measurements were taken for each living fragment; linear 
growth and tissue extension (Figure 8).  Calipers were used to make all fragment 
measurements. The linear measurement was a measurement of the fragment’s greatest 
length or height, depending on the fragment orientation.  Tissue extension provided a 
measurement of overall live tissue per fragment.  All branches 5mm and greater in length 
were measured and summed for a total live tissue measurement per fragment (Figure 8). 
A B
1 
2 
3 
4 
5 
6 
Figure 8. In situ measurements of nursery fragments; linear growth and tissue 
extension.  Image A is diagramming the linear growth measurement (maximum 
height).  Image B is diagramming the tissue extension measurements, all 
measurements 1-6 were added together to get total live tissue for the fragment. 
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 3.4.1 DATA ANALYSIS  
All statistical analyses were performed using the statistical software Statistica 6.0 © 
(StatSoft Inc., Tulsa, Oklahoma, USA). 
 
 
Fragment Survival- Results for survival were analyzed using one-way ANOVAs with 
genotype, monitoring period, and orientation as the factors.  In order to perform an 
ANOVA fragments were assigned a number, one for alive and zero for dead.  Mean 
percent survival was computed by dividing the final number of fragments surviving by 
the initial number of fragments transplanted.  This was also performed by grouping 
fragments by transplantation event, genotype, and orientation. 
 
Fragment Growth- Results for both linear growth and tissue extension were analyzed 
using Repeated Measures ANOVAs with genotype, monitoring period, and orientation as 
the factors.  Growth rates between monitoring events was computed by subtracting the 
previous monitoring period length from the later monitoring period length and dividing 
by the number of days between monitoring periods (growth per day), this was then 
multiplied by 365 to obtain growth per year.  Overall growth rates were calculated by 
subtracting the initial fragment length from the final fragment length, then dividing by the 
number of days during the study period (growth per day), to estimate growth per year the 
growth per day was multiplied by 365.  The same methods were used for tissue extension 
data.   
Fragment Branching- Results for the number of branches per fragment were analyzed 
using Repeated Measures and one-way ANOVAs with genotype, monitoring period, and 
orientation as the factors. 
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3.5  BREAKAGE 
When breakage occurred in the nursery, fragments that could be positively identified 
were epoxied to an empty puck and recorded.  These fragments were also monitored for 
growth and survival.  Those that could not be identified were epoxied to the blocks 
between the pedestals or to the substrate at the base of the block where it was found.  
These fragments were not monitored for survival or growth. 
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4.0 DONOR COLONY RESULTS  
4.1  SAMPLING 
The initial goal was to sample from 10 naturally occurring donor colonies in Broward 
County.  In September 2007, 2 donor colonies (1 and 2) were sampled and fragments 
were transplanted to the nursery.  One month after this transplantation event, fragment 
mortality was high for the fragments from donor 1 (see section 6.1).  Due to high 
fragment mortality a new donor colony (1.1) was chosen to replace donor 1.  In October 
2007 fragments from donor 1.1 and two additional donor colonies (3 and 4) were 
transplanted to the nursery. Fragment mortality was again higher than expected one 
month post- transplantation.  Mortality was thought to be due to elevated water 
temperatures, further transplantation did not occur until December 2007, when water 
temperatures had cooled (see section 7.0).  The final donor sampling period was 
December 2007.  A new donor colony (4.1) was chosen to replace donor 4 due to high 
fragment mortality in the nursery.  The remaining donor colonies (5, 6, 7, 8, 9 and 10) 
were sampled at this time. Because of high initial fragment mortality after the September 
and October transplantation, a total of 12 donor colonies were sampled for the project. 
 
4.2  SURVIVAL 
Donor colony data was collected at the time of initial sampling (September, October or 
December) and all donors were monitored in March 2008, May 2008, September 2008, 
and April 2009 (Table 2).   
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Donor Colony September-07 October-07 December-07 March-08 May-08 September-08 April-09
1 Alive* Completely Missing Completely Missing Completely Missing Completely Missing Completely Missing Completely Missing
1.1 Not Monitored Alive* Not Monitored Alive Alive 95% Missing Small Fragment Left
2 Alive* Not Monitored Not Monitored Alive/ Fragmented Alive 95% Mortality 100% Mortality
3 Not Monitored Alive* Not Monitored Completely Missing Completely Missing Completely Missing Completely Missing
4 Not Monitored Alive* Alive Alive Alive Alive Alive
4.1 Not Monitored Not Monitored Alive* Alive Alive 10% Diseased 20% Mortality
5 Not Monitored Alive Alive* Alive Alive 50% Loose 50% Missing
6 Not Monitored Not Monitored Alive* Alive Alive Alive/Fragmented Alive
7 Not Monitored Alive Alive* Alive Alive Completely Missing Completely Missing
8 Not Monitored Alive Alive* Alive Alive 60% Missing;  40% 
Diseased of Remaining
50% Mortality
9 Not Monitored Alive Alive* Alive Alive Completely Missing Completely Missing
10 Not Monitored Alive Alive* Alive Alive 60% Diseased 50% Missing; 20% 
Mortality of Remaining
Table 2. Donor colony survival summary table from September 2007- April 2009. *Indicates the month clippings were taken from the donor colony for 
transplantation.  
In September 2007 donor colonies 1 and 2 were visited.  Initial data was collected for 
these colonies and clippings were removed.  Initial data collection occurred for the 
remaining donor colonies (n=10) in October 2007 or December 2007 depending on the 
transplantation time (Table 2).  
 
All donor colonies besides donor 2 and 3 were monitored one to three months post-
clipping, all of which had completely healed where clippings had been removed.  In some 
instances it was difficult to identify where clippings had been removed due to new branch 
formation on the newly healed tip. Donors 2 and 3 were visited six and five months, 
respectively.   At the monitoring after clippings were removed donors 1, 3 were lost and 
donor 2 had been fragmented.  
 
During the entire monitoring period four donor colonies went completely missing, 1 
(October), 3 (March), and 7 and 9 (September).  In addition to the two donor colonies 
completely missing in September 2008, three colonies had >50% of the colony missing 
and three colonies were impacted by a condition appearing to be rapid tissue loss (RTL) 
(Williams and Miller 2005; Williams et al. 2006; Ainsworth et al. 2007).  There were 
only a few occurrences of predation on the donor colonies all of which appeared to be 
from Hermodice carunculata and had only affected the colony branch tips. 
 
After the final monitoring (April 2009) donor colony survivorship for the project was 
58% (7 of 12 colonies survived).  Throughout the course of the project only one donor 
colony (4) was not impacted where as 33% (n=4) of the 12 donor colonies went 
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completely missing, 50% (n=6) were impacted by colony breakage, and 25% (n=3) 
appeared diseased.  Colony breakage was recorded during the March 2008 (n=1), 
September 2008 (n=3), and the April 2009 (n=2) monitoring events.  Disease (n=3) was 
only seen during the September 2008 monitoring, which resulted in partial colony 
mortality of those colonies in April.  Of the five colonies that did not survive the 
monitoring period four colonies were completely missing colonies, high colony mortality 
was due to completely missing colonies. 
 
4.3  COLONY SIZE 
During each monitoring event donor colony length, width and height were measured for 
the colonies surviving.   The mean initial colony length of the donor colonies (n=12) was 
70 ±11 cm, the mean colony length of the seven colonies surviving at the end of the 
monitoring was 82 ± 36 cm (Table 3). 
 
Table 3.  Table of donor colony length, in centimeters, September 2007- April 2009.  *See 
Table 2 for date initial measurements were taken. NA represents the colony was missing or 
100% dead, measurements were not taken. 
Donor 
Colony
Initial 
Measurement* March-08 May-08 September-08 April-09
1 72 NA NA NA NA
1.1 97 105 120 29 34
2 57 35 38 42 NA
3 63 NA NA NA NA
4 70 74 82 92 99
4.1 63 72 75 73 145
5 64 71 79 84 93
6 61 65 70 58 56
7 77 82 96 NA NA
8 78 97 90 102 85
9 71 78 81 NA NA
10 67 92 98 103 65
Mean ± SD 70 ± 11 77 ± 19 83 ± 21 73 ± 28 82 ± 36
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4.4  COLONY GROWTH 
Colony length was used to determine colony growth.  Quarterly measurements were 
subtracted from the initial or previous monitoring, then divided by the days between 
monitoring events to get a growth per day.  This was then multiplied by 365 to get a 
yearly growth rate. 
 
Between the initial and the March 2008 monitoring two donor colonies (1 and 3) went 
completely missing, and one colony (2) had a decrease in colony size due to 
fragmentation.  The ten remaining colonies had a mean increase in colony size of 20 ± 29 
cm year -1 (Table 4).  From the initial monitoring through the May 2008 monitoring nine 
of these same ten donor colonies had an increase in colony size.  This period of growth 
(Initial –May) exhibited the greatest mean growth rate for the project of 23 ± 21 cm year-
1.  The one colony (2) that experienced a decrease in colony size was due to colony 
fragmentation. 
 
There were three colonies (1.1, 2, 6) that showed a decrease in colony size and two 
colonies (7 and 9) went completely missing from the initial monitoring event to the 
September monitoring.  This decrease in colony size caused a drop in mean colony 
growth to only 4 ± 37 cm year -1(Initial – September) (Table 4). The main cause of this 
low growth rate comes from donor 1.1, which had a -75 cm year -1 growth rate (Initial- 
September) due to colony fragmentation.  If this colony and the other two colonies (2 and 
6) with negative growth rates were removed from the data set the mean growth rate 
increased to 26 ± 10 cm year -1 which was comparable to the other monitoring periods.  
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 Table 4. Donor colony growth rates using colony length.  Rates are from initial monitoring to the current 
monitoring event in cm year-1. * Includes only those with a positive growth. NA represents the colony 
was missing or 100% dead, measurements were not taken. 
 
Donor Colony Initial - March Initial - May Initial - Sept. Initial - April
1 NA NA NA NA
1.1 20 39 -75 -42
2 -45 -28 -15 NA
3 NA NA NA NA
4 10 20 24 19
4.1 33 26 13 60
5 26 33 26 21
6 15 20 -4 -4
7 13 33 NA NA
8 48 21 26 5
9 18 17 NA NA
10 65 54 40 -1
Mean ± SD 20 ± 29 23 ± 21 4 ± 37 8 ± 31
*Mean ± SD 28 ± 18 29 ± 12 26 ± 10 26 ± 24
At the time of the final monitoring event in April 2009, three (1.1, 6, 10) of the seven 
remaining colonies decreased in colony length and one colony (2) had 100% mortality.  
The overall growth rate of the donor colonies that survived through the entire monitoring 
period (Initial- April 2009) was 8 ± 31 cm year-1 (n=7) (Table 4). 
 
Of the 12 donor colonies 50% were impacted by fragmentation.  When the colonies with 
negative growth rates were removed from the data set growth rates across the monitoring 
periods were similar, between 26 and 29 cm year -1.  The mean growth rate for the entire 
monitoring period, impacted colonies removed, (Initial- April) was 26 ± 24 cm year -1 
(n=4) (Table 4).   
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There were three donor colonies that had an overall decrease in colony size throughout 
the entire project.   Donor 1.1 had the largest decrease of 63 cm, which was a 65% loss in 
colony length (Table 5).  Both donors 6 and 10 had a change of 5 cm or less in colony 
length (8% and 3% loss respectively).  The greatest percent increase in total colony 
length over the entire monitoring period was 130% by colony 4.1, which was an increase 
in colony length of 82 cm. 
 
Table 5. Percent change in colony size between monitoring events. NA represents the colony was 
missing or 100% dead, measurements were not taken. 
 
 
Donor Colony Initial -March March- May May- Sept Sept- April Initial - April
1 NA NA NA NA NA
1.1 8% 14% -76% 17% -65%
2 -39% 9% 11% NA NA
3 NA NA NA NA NA
4 6% 11% 12% 8% 41%
4.1 14% 4% -3% 99% 130%
5 11% 11% 6% 11% 45%
6 7% 8% -17% -3% -8%
7 6% 17% NA NA NA
8 24% -7% 13% -17% 9%
9 10% 4% NA NA NA
10 37% 7% 5% -37% -3%
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5.0 GENOTYPIC ANALYSIS 
The genotypic analysis conducted by Dr. Baums at Penn State University following 
previous methods (Baums et al. 2005a) , indicated the presence of at least 10 different 
genets in the Broward County samples I used.  Colonies at the same site resulted in 
multiple ramets of the same genet (Table 6).  Colonies 1 and 1.1 were at the same site, as 
were 4 and 4.1. Overall, genotype ID numbers matched the donor numbers. 
Table 6.  Genotype results of Broward County Donor Colonies. 
 
Donor Colony 1 1.1 2 3 4 4.1 5 6 7 8 9 10
Genotype 1 1 2 3 4 4 5 6 7 8 9 10
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6.0  NURSERY RESULTS 
6.1  SURVIVAL 
6.1.1  TRANSPLANTATION  
Transplantation efforts began on September 14, 2007.  Clippings were removed from two 
donor colonies, donor 1 and donor 2 and were transplanted to the nursery (n=18 
fragments).  The fragments were monitored one month after transplantation. Mortality 
was high, 56%, eight of the nine fragments from genotype 1 died and one of the nine 
fragments from genotype 2 died.  A second transplantation event occurred on October 18, 
2007, which included three donor colonies (n=27 fragments).  Fragments from donor 3 
and donor 4 were transplanted, and fragments from colony 1.1 were transplanted in place 
of donor 1 fragments.  These fragments were monitored at five days and 21 days post-
transplantation. Mortality increased from 33% after five days to 42% after 21 days.  High 
water temperatures were suspected of contributing to mortality, therefore, additional 
transplantation was held until December 2007. The final transplantation event was on 
December 3 and 4, 2007.  Initially transplanted were seven donor colonies (5-10), and a 
new colony 4.1 replaced donor 4, for a total of 63 fragments transplanted in December 
2007.  The nursery was monitored seven and 38 days post-transplantation and mortality 
was lower 22% during both monitoring events (Table 7; Figure 9).  Due to the high initial 
mortality of fragments from donors 1 and 4 they will not be included in the data set from 
here forward. 
Table 7.  Acropora cervicornis transplantation dates, number transplanted and mortality results (September 2007-November 2008).  Fragments monitored includes 
all fragments in the nursery minus the fragments removed from the data set. 
Percent Mortality 
(days after 
transplantation) 
Date of 
Transplantation 
# Fragments 
Transplanted 
# Fragments 
Removed 
Genotypes 
Transplanted 
# Fragments 
Monitored 
# Fragments 
Alive 
September 14, 2007 18  1,2 18 8 56% (35) 
October 18, 2007 27 9 1*,3,4 36 21 42% (21) 
December 3 & 4, 2007 63 9 4*,5-10 90 70 22% (10) 
Initial Fragments from 
Donor Colonies 108 18 1-10 90** 63 30% (340) 
*Genotype was re-transplanted due to high mortality of the fragments in the nursery. **This does not include fragments from donors 1 and 4 which were 
replaced by fragments from colony 1.1 and 4.1. 
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All mortality in the nursery was observed either during the first few months after 
transplantation or following disease outbreaks (Table 7; Figure 9).    Throughout the 
entire monitoring period, only one disease occurred in August 2008, affecting only 12 out 
of 90 total fragments. The disease event ended in August and resulted in partial or 
complete mortality.  
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Figure 9. Fragment percent mortality in the nursery October 2007- November 2008.  Number above the 
bars are the number of fragments monitored in the nursery.  Initial transplantation was September 14, 2007 
n=18 (blue), the second transplantation was October 18, 1007 n=27(yellow) and the final transplantation 
was December 4, 2007 n=63 (purple).  -Transplantation event *- Disease event 
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6.1.2  GENOTYPE SPECIFIC 
These results do not include colonies (1 and 4) that were replaced due to the high 
fragment mortality as stated previously in section 4.1.  Final fragment survival at the 
nursery was 70% (n=90).  Survival based on genotype ranged from 22%- 100% (Table 8; 
Figure 10). When grouped by genotype there was a significant difference in survival 
between genotypes (n=90; p<0.001; F=3.50; df=9) rejecting Ho1.  Based on Tukey’s post 
hoc test the survival of genotype 6 was significantly lower than genotypes 4, 5, 8, and 10 
(Table 9).   
 
Table 8. Percent survival of fragments in the nursery September 2007-
November 2008 (n=90).  Disease occurrences represent a count of the number 
of fragments within a genotype that were impacted by disease in August 2008.  
Colony Genotype
Transplant 
Date
Percent 
Survival
Disease 
Occurances
1.1 1 October 44% 1
2 2 September 67% 3
3 3 October 56% 1
4.1 4 December 89% 0
5 5 December 100% 0
6 6 December 22% 0
7 7 December 78% 3
8 8 December 89% 3
9 9 December 56% 0
10 10 December 100% 1
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Figure 10. Percent survival of all nursery fragments by genotype September 2007- November 2008.  Three 
transplantation events are seen September, October and December.  
 
Table 9.  p-values for genotype survival n=90. Tukey HSD p<0.05. 
Genotype 1 2 3 4 5 6 7 8 9 10
1 0.9782 0.9999 0.4067 0.1338 0.9782 0.7822 0.4067 0.9999 0.1338
2 0.9782 0.9999 0.9782 0.7822 0.4067 0.9999 0.9782 0.9999 0.7822
3 0.9999 0.9999 0.7822 0.4067 0.7822 0.9782 0.7822 1.0000 0.4067
4 0.4067 0.9782 0.7822 0.9999 0.0302
0.0051
0.0302 0.0051 0.0302 0.0051
0.0302
0.0051
0.9999 1.0000 0.7822 0.9999
5 0.1338 0.7822 0.4067 0.9999 0.9782 0.9999 0.4067 1.0000
6 0.9782 0.4067 0.7822 0.1338 0.7822
7 0.7822 0.9999 0.9782 0.9999 0.9782 0.1338 0.9999 0.9782 0.9782
8 0.4067 0.9782 0.7822 1.0000 0.9999 0.9999 0.7822 0.9999
9 0.9999 0.9999 1.0000 0.7822 0.4067 0.7822 0.9782 0.7822 0.4067
10 0.1338 0.7822 0.4067 0.9999 1.0000 0.9782 0.9999 0.4067
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Of the fragments transplanted during September/October (donors 1.1, 2, and 3), two 
genotypes had greater than 50% survival, whereas colonies transplanted in December 
only one genotype had less than 50% survival. Removing the September/October 
transplanted fragments the seven genotypes remaining contributed a total of 63 
fragments.  The overall project survivorship of those 63 fragments was 76%.  There were 
significant difference in survival between genotypes of the fragments transplanted in 
December (p< 0.0001; F=5.67; df= 6).  Genotypes 5 and 10 had 100% fragment survival 
where as genotype 6 had only 22% survival (Table 8). Genotype 6 had a significantly 
lower fragment survivorship than genotype 4, 5, 7, 8, and 10 (Tukey HSD; Table 10).  
 
Table 10. p-values for genotype survival n=63. Tukey’s HSD p<0.05. 
  Genotype 4 5 6 7 8 9 10
4 0.9942 0.0038
0.0005
0.0038 0.0005 0.0260 0.0038 0.0005
0.0260
0.0038
0.0005
0.9942 1.0000 0.4359 0.9942
5 0.9942 0.8384 0.9942 0.1321 1.0000
6 0.4359
7 0.9942 0.8384 0.9942 0.8384 0.8384
8 1.0000 0.9942 0.9942 0.4359 0.9942
9 0.4359 0.1321 0.4359 0.8384 0.4359 0.1321
10 0.9942 1.0000 0.8384 0.9942 0.1321
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6.1.3  ORIENTATION SPECIFIC 
The fragments initially transplanted to the nursery were transplanted 1/3 horizontally 
(n=30) and 2/3 vertically (n=60).  Of those transplanted horizontally 15 fragments died 
within the first two months post transplantation, for an overall horizontal survival of 50% 
(Figure 11).  Horizontally transplanted fragments contributed 58% of the overall 30% 
nursery mortality even though they only represented 1/3 of the total number of fragments. 
The survival of the vertical fragments was significantly greater than horizontal fragments 
(p< 0.01; F= 9.26; df=1) (Figure 11) rejecting Ho2.  Vertical fragments (n=60) had an 
overall survival of 80%.  Of the 11 vertical fragments that died, seven died within the 
first two months, the remaining 4 died during the August disease event or went missing.  
 
Examining only fragments transplanted in September and October (genotypes 1, 2 and 3), 
vertical fragment survival was 72%, which was significantly greater than the horizontal 
fragment survival of 22% (p< 0.01; F=7.258; df=1) (Figure 11).   
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Figure 11. Survival of nursery fragments based on orientation grouped by transplantation time.  Bars 
with different letters within transplantation groups represent significant differences (Tukey’s HSD 
p<0.05). 
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To remove the possible affect of water temperature on the survival differences between 
fragment orientation, fragments transplanted in September and October were removed 
and only the fragments transplanted in December were analyzed (genotypes 4-10).  When 
removed, the vertical fragments still had greater survival but, there was no significant 
difference between the survival of horizontally or vertically transplanted fragments (p> 
0.05; F=3.64; df=1) (Figure 11).  The overall survival of these 63 fragments was 76%.  
Both orientations had a higher rate of survival than those transplanted in 
September/October.  The horizontal fragments (n=21) had an overall survival of 62%. 
The overall vertical fragment (n=42) survival was 83%.   
 
There were three genotypes 5, 7, and 10, which had 100% horizontal survival and three 
genotypes 3, 6 and 9, which had 100% horizontal mortality.  Of the vertically 
transplanted fragments there were four genotypes 4, 5, 8, and 10 that had 100% survival 
with an additional three (2, 3, and 9) that had 83% survival.  There were no genotypes 
that had 100% vertical mortality (Figure 12).     
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Figure 12. Percent survival of nursery fragments (n=90) based on orientation grouped by genotype. 
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6.1.4  DISEASE  
During the project, fragments from genotypes 1, 2, 3, 7, 8 and 10 were impacted by 
disease (Table 8).  The most occurrences were three fragments for genotypes 2, 7 and 8. 
There was no significant difference between genotypes and disease occurrence (n=90; p> 
0.05; F=1.78; df= 9).  However, when including only those fragments transplanted in 
December there was a significant difference between genotypes and the occurrence of 
disease (n=63; p< 0.05; F=2.5454; df=6).  Genotypes 7 and 8 had a significantly greater 
amount of disease than all genotypes besides 10 (Fisher LSD p< 0.05).  Of the total 
diseased fragments (n=12) only four died due to the impact of disease, the other 
fragments recovered and survived through the end of the project, and grew back over the 
previously diseased portions. 
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6.2 GROWTH  
The nursery was visited monthly from September 2007 through November 2008.  Each 
fragment was measured initially and each month there after besides September 2008.  
Weather during the scheduled September 2008 event caused water conditions to be too 
rough to measure the fragments, survival and health data were all that were collected.    
Fragments were transplanted at a length of approximately 3 cm.  Although there were 
slight differences in initial fragment size, there were no significant differences between 
mean initial fragment size among genotypes (p>0.05; F= 0.169; df=6). 
6.2.1 DATA SET 
In order to eliminate any factors that may be effecting the growth of the fragments due to 
the differences in transplantation time, only the fragments transplanted during the 
December 2007 transplantation event were analyzed. This included seven genotypes (4-
10) and 63 total fragments. 
 
Throughout the year of monitoring (December 2007- November 2008) 33 of the 63 
fragments experienced complete mortality, partial mortality or fragmentation.  Because 
these events may have had an impact on the rate of fragment growth (possibly allocating 
more energy to repair than growth) the data was analyzed two ways, 1) all fragments 
(n=63) and, 2) fragments which were not impacted by the above events (n=30). 
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6.2.2 GROWTH BY SEASON 
6.2.2.1 LINEAR GROWTH 
The overall mean linear growth of the fragments (n=63) at the nursery was 9.61 ± 3.72 
cm year -1.  There was a significant difference in linear growth between growth periods 
(p< 0.0001; F=7.1817; df=9) (Figure 13) rejecting Ho3.  The highest growth period 
occurred during the summer months (June- August) and the slowest during the winter 
months (October-November and December- January).     
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Figure 13. Monthly mean linear growth in nursery from December 2007- November 2008 ±SD.  Solid bars 
include all fragments, hashed bars include fragments that were not impacted during the project. Means with 
different letters are significantly different from others within the same group (groups: all fragments; impacted 
removed) (Tukey’s HSD p<0.05). 
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The June-July and the July-August growth periods had significantly greater linear growth 
rates than all growth periods besides the April- May growth period (p< 0.05) (Table 11; 
Figure14).  The greatest mean linear growth rate was 16.48 ± 9.50 cm year -1 between the 
July- August monitoring. The lowest mean growth rate was 3.90 ± 6.71 cm year -1 
between the December- January monitoring (Figure 13; Table 12),  a difference of 12.46 
cm year -1 between the maximum mean growth rate and the minimum mean growth rate.   
Table 11. p-values for linear growth between monitoring periods n=63. Tukey’s HSD p<0.05. 
Growth Period Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun Jun-Jul Jul-Aug Aug-Oct Oct-Nov
Dec-Jan 0.4472 0.3199 0.1079 0.0290 0.0777 0.5205 1.0000
Jan-Feb 0.4472 1.0000 0.9996 0.9824 0.9986 1.0000 0.7699
Feb-Mar 0.3199 1.0000 1.0000 0.9956 0.9999 1.0000 0.6412
Mar-April 0.1079 0.9996 1.0000 1.0000 1.0000 0.9988 0.3125
April-May 0.0290 0.9824 0.9956 1.0000 1.0000 0.0735 0.0665 0.9681 0.1145
May-June 0.0777 0.9986 0.9999 1.0000 1.0000 0.9964 0.2456
June-July 0.0735 1.0000
July-Aug 0.0665 1.0000
Aug-Oct 0.5205 1.0000 1.0000 0.9988 0.9681 0.9964 0.8283
Oct-Nov 1.0000 0.7699 0.6412 0.3125 0.1145 0.2456 0.8283
 
0.0000 0.0000
0.0014 0.0012
0.0030 0.0026
0.0181 0.0161
0.0272 0.0242
0.0000 0.0014 0.0030 0.0181 0.0272 0.0009 0.0000
0.0000 0.0012 0.0026 0.0161 0.0242 0.0008 0.0000
0.0009 0.0008
0.0000 0.0000
When impacted fragments were removed there were still significant differences seen 
between the growth periods (p< 0.0001; F= 7.1170; df=9).  The most drastic change was 
during the May-June growth period when mean linear growth increased from 9.90 ± 
19.02 cm year-1 to 15.24 ± 10.16 cm year-1 (Table 13; Figure 13), which was significantly 
greater than the first three growth periods (Dec-Jan, Jan-Feb, and Feb-Mar) (Table 14).  
The June-July and July- August growth periods also have significantly greater growth 
rates than multiple growth periods (Table 12).  Overall project mean linear growth rate 
also increased to 11.31 ± 2.62 cm year-1. 
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Genotype Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun Jun-Jul Jul-Aug Aug-Oct Oct-Nov Overall
4 5.34 6.56 7.98 13.41 9.32 12.78 16.06 17.41 10.38 12.78 10.90 ± 4.69
5 3.68 9.38 10.48 8.75 10.80 -8.58 22.38 17.18 12.36 5.52 9.59 ± 2.81
6 1.32 7.10 7.27 11.70 9.98 16.06 16.22 16.01 5.89 2.19 8.91 ± 0.85
7 7.47 9.13 9.51 4.39 8.90 13.10 15.88 19.09 1.85 11.68 9.55 ± 5.11
8 4.92 8.65 10.20 15.16 13.32 20.18 18.71 14.53 10.82 -10.04 10.61 ± 2.39
9 -4.03 7.30 5.48 6.46 9.68 13.23 11.47 1.73 9.07 4.38 6.20 ± 5.51
10 3.90 8.96 7.94 8.16 10.95 6.52 16.07 22.73 6.28 7.62 9.67 ± 2.12
Overall 3.90 ± 6.71 8.35 ± 3.85 8.73 ± 3.55 9.66 ± 10.73 10.53 ± 5.06 9.90 ± 19.07 16.41 ± 9.77 16.48 ± 9.50 8.49 ± 9.16 5.17 ± 15.03 9.61 ± 3.72
Table 12.  Mean linear growth of fragments(n=63) grouped by genotype and monitoring period at the nursery in cm year -1 ±SD.   
Table 13. Mean linear growth of fragments (n=30) not impacted by genotype and monitoring period at the nursery in cm year -1 ±SD.   
Genotype Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun Jun-Jul Jul-Aug Aug-Oct Oct-Nov Overall
4 5.34 6.56 7.98 13.41 9.32 22.65 16.06 17.41 10.38 12.78 12.08 ± 3.55
5 3.68 9.38 10.48 8.75 10.80 9.78 18.33 17.18 12.36 5.52 10.58 ± 1.88
6 1.32 7.10 7.27 11.70 9.98 16.06 16.22 16.01 5.89 2.19 8.91 ± 0.85
7 7.47 9.13 9.51 11.43 8.90 13.10 15.88 19.09 1.85 11.68 13.14 ± 3.29
8 4.92 8.65 10.20 15.16 13.32 20.18 18.71 14.53 10.82 -1.70 11.88 ± 3.31
9 6.40 7.30 5.48 6.46 9.68 13.23 11.47 10.09 9.07 4.38 10.65 ± 0.08
10 3.90 8.96 7.94 8.16 10.95 10.99 18.51 22.73 6.28 7.62 10.65 ± 1.87
Overall 4.84 ± 4.59 8.35 ± 3.85 8.73 ± 3.55 10.78 ± 7.37 10.53 ± 5.06 15.24 ± 10.16 16.82 ± 9.44 17.47 ± 6.53 8.49 ± 9.16 6.92 ± 12.50 11.31 ± 2.64
Table 14. p-values for linear growth between monitoring periods impacted fragments removed n=30. 
Tukey’s HSD p<0.05. 
 
 
Growth Period Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun Jun-Jul Jul-Aug Aug-Oct Oct-Nov
Dec-Jan 0.9701 0.5962 0.1171 0.4178 0.0719 0.4478
Jan-Feb 0.9701 0.9988 0.8265 0.9898 0.7201 0.9925
Feb-Mar 0.5962 0.9988 0.9976 1.0000 0.9901 1.0000
Mar-April 0.1171 0.8265 0.9976 0.9999 1.0000 0.9997
April-May 0.4178 0.9898 1.0000 0.9999 0.0612 0.9988 1.0000
May-June 0.2723 0.0612 0.3808 0.0538
June-July 0.0873 1.0000 0.9970 0.1397
July-Aug 0.9396 0.9970
Aug-Oct 0.3808 0.1397
Oct-Nov 0.4478 0.9925 1.0000 0.9997 1.0000 0.0538 0.9982
0.0000 0.0000 0.0000
0.0015 0.0002 0.0000
0.0280 0.0051 0.0001
0.2723 0.0873 0.0046
0.0130 0.0004
0.0000 0.0015 0.0280 1.0000 0.9396
0.0000 0.0002 0.0051 0.0130 0.0111
0.0000 0.0000 0.0001 0.0046 0.0004 0.0092 0.0003
0.0719 0.7201 0.9901 1.0000 0.9988 0.0092 0.9982
0.0111 0.0003
6.2.2.2 TISSUE EXTENSION 
Tissue extension was a measure of the sum of live tissue per fragment.  The overall mean 
tissue extension was 45.03 ± 33.52 cm year-1 (n=63).  There was a significant growth 
period difference seen between the rate of tissue extension (p< 0.0001; F=24.68; df=9) 
rejecting Ho3.  The overall tissue extension by month showed a general increase through 
the entire project (Figure 14). The greatest overall mean tissue extension was during the 
last monitoring event (October-November) of 88.61 ± 106.08 cm year -1 (n=48), which 
was a significantly greater extension than all monitoring periods besides the previous two 
periods (Tukey’s HSD p<0.05) (Table 15). The summer events (June- October) were 
similar in mean tissue extension approximately 64 cm year -1 (Table 16). 
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Figure 14. Monthly mean tissue extension in nursery from December 2007- November 2008 ± SD. Solid 
bars include all fragments, hashed bars include fragments that were not impacted during the project. 
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Table 15. p-values for tissue extension between monitoring n=63. Tukey’s HSD p<0.05. 
Growth Period Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun Jun-Jul Jul-Aug Aug-Oct Oct-Nov
Dec-Jan 0.9904 0.6818 0.4238
Jan-Feb 0.9904 0.9977 0.9699 0.4600
Feb-Mar 0.6818 0.9977 1.0000 0.9433 0.1938
Mar-April 0.4238 0.9699 1.0000 0.9935 0.3983
April-May 0.4600 0.9433 0.9935 0.9523
May-June 0.1938 0.3983 0.9523
June-July 0.9999 1.0000
July-Aug 0.9999 1.0000 0.2073
Aug-Oct 1.0000 1.0000 0.1090
Oct-Nov 0.2073 0.1090
0.0413 0.0003 0.0000 0.0000 0.0000 0.0000
0.0167 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0413 0.0001 0.0000 0.0000 0.0000
0.0003 0.0167 0.0217 0.0029 0.0081 0.0000
0.0000 0.0000 0.0000 0.0000 0.0001 0.0217 0.0495
0.0000 0.0000 0.0000 0.0000 0.0000 0.0029
0.0000 0.0000 0.0000 0.0000 0.0000 0.0081
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0495
 
When impacted fragments were removed there were still significant differences between 
monitoring periods (p< 0.0001; F=18.4385; df=9) and the most noticeable change was 
during the May-June monitoring which had an increase in tissue extension from 37.69 ± 
51.77 cm year-1 to 44.75 ± 37.65 cm year-1 (Table 17; Figure 14). This increase in the rate 
of tissue extension made this growth period similar to the other summer periods (Jun-Jul 
and Jul-Aug) (p> 0.05) (Table 18). The overall tissue extension for the entire growth 
period increase to a mean extension rate of 55.29 ± 36.05 cm year-1. 
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Table 16.  Mean tissue extension of fragments (n=63) grouped by genotype and monitoring period at the nursery in cm year -1 ± SD. 
Genotype Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun Jun-Jul Jul-Aug Aug-Oct Oct-Nov Overall
4 7.10 13.88 26.88 37.34 74.87 51.28 121.67 131.71 195.38 245.10 97.43 ± 45.36
5 3.68 14.19 11.32 17.16 5.62 25.79 40.75 42.05 54.95 81.11 30.19 ± 15.54
6 2.40 20.18 12.37 40.57 11.85 49.15 77.63 122.31 69.76 91.25 46.66 ± 12.82
7 7.47 12.03 29.35 19.67 24.68 47.82 60.83 78.40 39.86 67.79 39.26 ± 21.89
8 9.29 17.98 30.38 28.23 46.97 60.04 92.77 70.96 65.57 66.61 48.86 ± 12.97
9 -2.00 5.93 16.77 17.46 26.02 28.91 38.59 29.39 50.04 60.44 28.15 ± 19.30
10 3.90 11.03 9.41 10.87 15.18 26.44 41.91 49.31 25.58 47.21 23.37 ± 9.86
Overall 5.12 ± 8.01 13.37 ± 10.02 20.01 ± 15.80 22.87 ± 20.33 30.50 ± 34.44 37.69 ± 51.77 62.44 ± 44.02 66.38 ± 48.09 66.94 ± 78.38 88.61 ± 106.08 45.03 ± 33.51
Table 17.  Mean tissue extension of fragments (n=30) not impacted grouped by genotype and monitoring period at the nursery in cm year -1 ± SD. 
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Genotype Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun Jun-Jul Jul-Aug Aug-Oct Oct-Nov Overall
4 7.10 13.88 26.88 37.34 74.87 90.94 121.67 131.71 195.38 245.10 109.69 ± 31.63
5 3.68 14.19 11.32 17.16 5.62 29.20 40.75 42.05 54.95 81.11 35.50 ± 15.49
6 2.40 20.18 12.37 40.57 11.85 24.58 38.82 61.15 27.90 36.50 46.67 ± 12.82
7 7.47 12.03 29.35 32.15 24.68 42.50 54.07 69.69 34.88 59.31 52.18 ± 14.41
8 9.29 17.98 30.38 28.23 46.97 60.04 92.77 70.96 65.57 71.78 43.53 ± 6.24
9 9.80 5.93 16.77 17.46 26.02 28.91 38.59 38.42 50.04 60.44 43.33 ± 8.42
10 3.90 11.03 9.41 10.87 15.18 28.29 42.80 49.31 25.58 47.21 26.43 ± 10.91
Overall 6.11 ± 6.20 13.37 ± 10.02 20.01 ± 15.80 24.71 ± 15.73 30.50 ± 34.44 44.75 ± 37.65 62.96 ± 44.27 67.76 ± 47.46 66.94 ± 78.38 90.11 ± 107.90 55.29 ± 36.05
Table 18. p-values for tissue extension between monitoring periods impacted fragments removed 
n=30. Tukey’s HSD p<0.05. 
 Growth Period Dec-Jan Jan-Feb Feb-Mar Mar-Apr Apr-May May-Jun Jun-Jul Jul-Aug Aug-Oct Oct-Nov
Dec-Jan 0.9987 0.8589 0.8111
Jan-Feb 0.9987 0.9988 0.9970
Feb-Mar 0.8589 0.9988 1.0000 0.8654
Mar-April 0.8111 0.9970 1.0000 0.9042 0.1996
April-May 0.3557 0.8654 0.9042 0.9770
May-June 0.1605 0.1996 0.9770
June-July 0.3222 1.0000
July-Aug 0.1588 1.0000 0.6285
Aug-Oct 0.3954 0.6285
Oct-Nov 0.2090
0.0533 0.0007 0.0000 0.0000 0.0000 0.0000
0.3557 0.0157 0.0000 0.0000 0.0000 0.0000
0.1605 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0533 0.0130 0.0037 0.0000 0.0000
0.0007 0.0157 0.3222 0.1588 0.0001 0.0000
0.0000 0.0000 0.0000 0.0000 0.0130 0.3954 0.0001
0.0000 0.0000 0.0000 0.0000 0.0037 0.0002
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.2090
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0002
6.2.2.3  BRANCHING EVENTS 
Figure 15 displays the change in number of branches from the previous monitoring 
period, there was a significant difference in the change in branching events across growth 
periods (p< 0.0001; F=20.17; df=10).  The addition of branches to the fragments was 
slow until the May monitoring when four of the seven genotypes had a two fold increase 
in the mean number of branches per fragment from the April monitoring, which was a 
significant increase (Figure 15; Table 20).  This type of increase was seen again in 
October when the same four genotypes (4, 5, 8 and 10) doubled in the number of 
branches per fragment.  The two negative changes in number of branches occurred 
between the May-June growth period and the August-September growth period, which 
was due to fragmentation of the fragments.   
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Figure 15. Change in mean number of branches per fragment by growth period.  Means with different letters are 
significantly different from others in the same group (Tukey’s HSD p<0.05). Solid bars include all fragments. 
Hashed bars include only fragments that were not impacted.  
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The mean number of branches per fragment (n=63) when initially transplanted was 0.08 
± 0.37 branches.  By November 2008 the mean number of branches increased to 8.92 ± 
7.54 per fragment which was a significant increase in the mean number of branches per 
fragment (p< 0.0001; F=72.1813; df=10) (Table 20).  Early monitoring periods had 
significantly less branching events than the final monitoring periods (Tukey’s HSD 
p<0.05). 
Table 19. p-values for change in mean number of branching events between growth periods n=63. Tukey’s 
HSD p<0.05. 
Growth Period Dec-Jan Jan-Feb Feb-Mar Mar-AprApr-MayMay-Jun Jun-Jul Jul-Aug Aug-Sep Sep-Oct Oct-Nov
Dec-Jan 1.0000 0.8191 0.9999 0.9902 1.0000 0.6195 1.0000
Jan-Feb 1.0000 0.8792 1.0000 0.9962 1.0000 0.5298 1.0000
Feb-Mar 0.8191 0.8792 0.9937 0.9999 0.8509 0.5298
Mar-Apr 0.9999 1.0000 0.9937 1.0000 0.9999 0.1898 0.9902
Apr-May
May-Jun 0.1022
Jun-Jul 0.9902 0.9962 0.9999 1.0000 0.9937 0.0605 0.9040
Jul-Aug 1.0000 1.0000 0.8509 0.9999 0.9937 0.5748 1.0000
Aug-Sep 0.6195 0.5298 0.1898 0.1022 0.0605 0.5748 0.8792
Sep-Oct
Oct-Nov 1.0000 1.0000 0.5298 0.9902 0.9040 1.0000 0.8792
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0075 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0094 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0075 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0094 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0003 0.0000
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Table 20. Mean number of branches ± SD by genotype and monitoring period.  Branches counted were 5mm or greater. 
Genotype December January February March April May June July August September October November Genotype Mean
4 0.00 0.38 0.88 2.38 3.38 8.25 6.63 9.13 10.63 10.50 23.13 21.88 8.01 ± 8.83
5 0.00 0.22 0.56 0.33 1.11 3.00 1.78 2.22 2.22 2.44 5.56 6.11 2.13 ± 2.30
6 0.33 0.25 0.33 2.33 3.33 5.67 3.67 5.00 7.33 7.00 9.00 10.50 3.50 ±3.67
7 0.00 0.00 0.63 2.50 3.00 5.25 4.13 4.38 4.88 5.00 5.86 6.00 3.33 ± 2.96
8 0.22 1.38 1.50 2.38 2.75 6.88 5.00 5.13 4.63 4.00 8.00 8.88 4.19 ± 3.28
9 0.00 0.40 1.00 1.20 2.00 3.20 2.60 2.80 2.60 2.60 4.80 5.40 2.23 ± 2.37
10 0.00 0.00 0.22 0.78 0.56 2.89 2.00 2.22 2.11 2.00 4.11 4.11 1.75 ± 1.83
Monthly Mean 0.08 ± 0.37 0.37 ± 0.95 0.74 ± 0.85 1.62 ± 1.41 2.16 ± 1.82 4.98 ± 2.92 3.68 ± 2.82 4.36 ± 3.50 4.70 ± 3.86 4.54 ± 3.72 8.73 ± 8.12 8.92 ± 7.54 3.61 ± 4.76
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6.2.3 GROWTH BY GENOTYPE 
6.2.3.1  LINEAR GROWTH 
A repeated measures ANOVA showed that there was a significant difference between the 
linear growth rate of genotypes (p<0.0001; F=5.8068; df=6) rejecting Ho4. Genotypes 4 
and 8 had the greatest overall linear growth rate at the nursery throughout the project 
monitoring period (Figure 16; Table 12).  Genotype 4 had a mean linear growth rate of 
10.90 ± 4.69 cm year -1, genotype 8 was similar at 10.61 ± 2.39 cm year -1.  Significantly 
lower growth rates than genotypes 4 and 10 were genotype 6 (also significant from 8) and 
9 with mean linear growth rates of 8.91 ± 0.85 cm year-1 and 6.21 ± 5.52 cm year-1, 
respectively (Figure 16; Table 21). 
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Figure 16. Mean fragment linear growth rate in cm year -1 ± SD grouped by genotype, December 2007-
November 2008. Numbers within each bar represent the number of fragments included in each data set.  Means 
with different letters are significantly different from others in the same group (Tukey’s HSD p<0.05). Solid bars 
include all fragments. Hashed bars include only fragments that were not impacted. 
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Table 21. p-values for linear growth rates between genotypes (n=63)  (Tukey’s HSD p<0.05). 
Genotype 4 5 6 7 8 9 10
4 0.9997 0.9986 1.0000 1.0000
5 0.9997 0.0649 1.0000 1.0000 0.1198 0.9998
6 0.0649 0.0837 1.0000
7 0.9986 1.0000 0.0837 1.0000 0.1506 0.9989
8 1.0000 1.0000 1.0000 0.0832 1.0000
9 0.1198 1.0000 0.1506 0.0832
10 1.0000 0.9998 0.9989 1.0000
0.0232 0.0465
0.0232 0.0435 0.0246
0.0435
0.0465 0.0490
0.0246 0.0490
 
When impacted fragments were removed, genotype 7 had the greatest mean linear growth 
rate of 13.14 ± 3.29 cm year-1.  The lowest mean linear growth rate was genotype 6 at 
8.91 ± 0.85 cm year-1 (Table14; Figure 16).  The change in linear growth by genotype 
was not significant when the impacted fragments were removed (p> 0.05 F= 0.8426; 
df=6).   
 
When analyzed by month and genotype there was a significant difference in rates of 
linear growth (p< 0.01; F=1.6655; df=54).  As shown in Figure 17 there were differences 
within a growth period between genotypes. In a few situations negative growth rates were 
recorded, which was due to fragmentation or disease affecting one or multiple fragments.  
Genotype 9 had a negative growth rate during the December- January growth period.  
The negative growth rate of -4.03 cm year -1 was caused by two fragments. When these 
two fragments were removed the December- January growth rate for genotype 9 
increased to 6.40 cm year -1.   
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Figure 17. Changes in fragment linear growth by genotype and growth period at the nursery.  Different colors represent different genotypes as 
indicated above the graph.  December 2007- November 2008. Means with different letters are significantly different from others within the same 
growth period (Tukey’s HSD p<0.05).  
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The negative growth during the May-June growth period was due to four fragments that 
were fragmented; three were of genotype 5 and one of genotype 10.  Removing these 
fragments from the data set increased the growth rate to similar rates of the other 
genotypes (Figure 17).   
 
Genotype 8’s negative growth rate during the October- November growth period was 
caused by the fragmentation of three fragments.  When these fragments were removed 
from the data set the growth rate increased to 7.59 cm year-1.  When all of the impacted 
fragments were removed there were no significant differences between genotype within 
any of the monitoring periods (p> 0.05; F=1.1884; df=36). 
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6.2.3.2  TISSUE EXTENSION 
There was a significant difference in the rates of tissue extension between genotypes (p< 
0.0001; F=6.901; df=6) (Figure 18) rejecting Ho4.  Genotype 4 had the greatest mean 
tissue extension across the entire monitoring period, 97.43 ± 45.36 cm year-1 and was 
significantly greater than every genotype except 8, which had and overall mean tissue 
extension of 48.86 ± 12.97 cm year-1 (p< 0.01).  The lowest tissue extension was 
genotype 10, 23.37 ± 9.86 cm year-1.   
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Figure 18. Mean fragment tissue extension rate in cm year -1 ± SD grouped by genotype, December 2007-
November 2008. Numbers within the bars represent the number of fragments included in data set. Means 
with different letters are significantly different from others within the same group (groups: all fragments; 
impacted removed) (Tukey’s HSD p<0.05) Solid bars include all fragments. Hashed bars include only 
fragments that were not impacted.
 
When the impacted fragments were removed there was still a significant difference 
between the rates of tissue extension (p< 0.0001; F=17.29; df= 4). Genotype 6 had no 
change in tissue extension because neither of the fragments were impacted. Genotype 4 
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still had the greatest tissue extension at 109.69 ± 31.63 cm year-1 and was significantly 
greater than all other genotypes (Tukey’s HSD p<0.05) (Figure 18).  The lowest 
extension was still genotype 10 at 26.43 ± 10.91 cm year-1. 
 
The overall trend of tissue extension of the fragments was an increase through the entire 
monitoring period.  The mean extension of tissue by genotype within months was 
significant (p< 0.0001; F=3.64; df= 54) (Figure 19).   Genotype 4 had the greatest mean 
tissue extension in five of the last six growth periods and was significantly greater than 
all genotypes during the last two monitoring events.  
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Figure 19. Seasonal changes in fragment tissue extension by genotype at the nursery.  December 2007- November 2008. Different colors represent 
different genotypes as indicated above the graph.  Means with different letters are significantly different from others within the same growth period 
(Tukey’s HSD p<0.05). 
 6.2.3.3  BRANCHING EVENTS 
Genotype 4 had an increase from 0 branches when initially transplanted to 21.88 ± 9.85 
branches per fragment during the final monitoring (Figure 20).  Between September and 
October this genotype more than doubled the mean number of branches per fragment 
(Table 20).  Genotype 10 had the smallest increase in mean number of branches per 
fragment across the monitoring period.  This genotype also started with 0 branches per 
fragment but only increased to 4.11 ± 2.03 branches per fragment in the final monitoring 
(Figure 20). 
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Figure 20. Mean number of branches per fragment during final monitoring period (November 2008) by 
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All genotypes at the nursery showed a gradual increase in the number of branching events 
across the entire monitoring period with large increases seen in May and October. There 
were significant differences when grouped by genotype between the mean number of 
branches and monitoring periods (p< 0.0001; F=78.7313; df=11) (Table 22).  The highest 
mean number of branches recorded during a monitoring period was in October for 
genotype 4 of 23.13 ± 10.37 branches per fragment (Table 20). 
 Table 22. p-values for mean number of branching events grouped by genotype between monitoring periods 
n=63. Tukey’s HSD p<0.05. 
Month Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Dec 0.9997 0.8873 0.0157 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0023 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0157 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0001 0.0023 0.0000 0.0091 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0091 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Jan 0.9997 0.9995 0.1745
Feb 0.8873 0.9995 0.7216 0.0505
Mar 0.1745 0.7216 0.9786
Apr 0.0505 0.9786
May 0.0911 0.9519 1.0000 0.9985
Jun 0.0911 0.9070 0.3649 0.6160
Jul 0.9519 0.9070 0.9995 1.0000
Aug 1.0000 0.3649 0.9995 1.0000
Sep 0.9985 0.6160 1.0000 1.0000
Oct 1.0000
Nov 1.0000
66 
6.2.4  GROWTH BY ORIENTATION 
6.2.4.1  LINEAR GROWTH 
Horizontal fragment growth surpassed vertical fragments with an overall mean fragment 
growth of 13.06 ± 2.68 cm year-1 however, it was not significantly greater than vertical 
fragment growth of  8.33 ± 3.14 cm year -1 (p> 0.05; F= 0.512; df=1) accepting Ho6.   
 
Between monitoring periods there was no significant difference in linear growth of the 
fragments based on orientation (p> 0.05; F=1.3239; df= 9).  The only growth period 
vertical fragments had a greater mean linear growth rate than horizontal fragments was 
Jan-Feb, all other growth periods horizontal fragments had a greater mean linear growth 
rate (Figure 21).  Both orientations showed an increase in growth through the summer 
months (June- August) followed by a decrease during the fall and winter months 
(October- November).  The greatest growth period for horizontal fragments was during 
the July- August growth period of 22.09 ± 7.28 cm year-1. The smallest mean linear 
growth of 7.28 ± 4.09 cm year-1 for horizontal fragments was during the December- 
January growth period.  The largest growth period for vertical fragments was during the 
June- July growth period with a mean growth of 15.11 ± 8.35 cm year -1. The smallest 
vertical increase in linear growth was during the October- November growth period at a 
rate of 2.04 ± 14.82 cm year-1.   
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Figure 21. Nursery fragment mean linear growth ± SD based on orientation and growth period.  Horizontal 
fragments in blue, vertical fragments in purple. 
 
When impacted fragments were removed from the data set there was a significant 
difference seen in the linear growth of fragments (n=30) base on orientation (p< 0.01; 
F=12.8429; df=1).  Horizontal fragments had a higher mean growth rate than vertical 
fragments (Tukey’s HSD p< 0.05). 
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6.2.4.2  TISSUE EXTENSION 
Orientation of the fragment did not significantly affect the extension rate of tissue (p> 
0.05; F= 0.208; df=1) accepting Ho6.  Horizontally orientated fragments had a greater 
tissue extension than vertical fragments from December 2007 through June 2008 and 
August 2008 through November 2008, but vertical fragments had a greater tissue 
extension during the summer months of June 2008 through August 2008 (Figure 22).  
Although there were differences seen between the orientation of the fragment over 
different growth periods, they were not significant (p> 0.05; F=1.76; df=9).  The largest 
tissue extension rate was 98.04 ± 109.72 cm year-1 by horizontal fragments during the 
August- September growth period.  Vertical fragments had a maximum rate of extension 
during the final growth period (October-November) of 87.32 ± 112.96 cm year-1.  
Minimum rates of extension for both orientations were during the initial growth period 
(December- January); Horizontal 7.28 ± 4.09 cm year-1and vertical 4.40 ± 8.87 cm year-1. 
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Figure 22. Nursery fragment mean tissue extension ± SD based on orientation and growth period.  
Horizontal fragments in blue, vertical fragments in purple.  
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6.2.4.3  BRANCHING EVENTS 
By the final monitoring, November 2008, horizontal fragments had a mean of 11.23 ± 
9.89 branches per fragment and vertical fragments had an average of 8.06 ± 6.43 
branches per fragment.  During the first three months vertical fragments had a higher 
mean number of branches per fragment than horizontal fragments (Figure 22).  
Horizontal fragments did not have countable branches (>5mm) until the February 2008 
monitoring.  From the March 2008 monitoring through the end of the project horizontally 
orientated fragments had a greater mean number of branches per fragment than vertically 
transplanted fragments.  Both vertical and horizontal fragments had a decrease in 
branching events after the May 2008 monitoring.  There was very little change in 
branching during the summer months (July 2008-Sept 2008) but, increased for both 
orientations after September.  There were no significant differences seen within a 
monitoring period, between orientations (accepting Ho7). There were significant 
differences in the number of branching events between monitoring periods within an 
orientation (p< 0.0001; F=45.01; df=11) (Figure 23). 
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Figure 23. Mean number of branches per fragment by orientation and monitoring period.  December 2007-
November 2008. 
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7.0  TEMPERATURE DATA 
There were two OnSet StowAway TidbiT temperature loggers installed at the nursery site 
from September 2007 through November 2008.  The temperature loggers were set to 
record data every two hours.  From this data daily averages were calculated.   
 
The maximum temperature at the nursery was 30.75 ° C on September 14, 2007 (Figure 
24).  The minimum temperature during this period was 21.38 ° C on January 4, 2008.  
The mean temperature from September 2007- November 2008 was 26.55 ± 2.36 ° C.  The 
fall of 2007 was warmer than the fall of 2008, there were 18 days above 30 ° C in 
September 2007 compared to zero days above or equal to 30 ° C in September 2008.  
There were three days, July 31 – August 2, 2008, when temperatures were greater than 
30° C.  The longest temperature anomaly lasted 12 days from 29.82 ° C (August 17) to 
26.25 ° C (August 23) to return to 29.51 ° C (August 29).   
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Figure 24.  Mean daily temperature in degrees Celsius at the nursery site September 2007- November 2008.  
32 ° C is the threshold temperature for Acropora cervicornis (Shinn 1966)  
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8.0 DISCUSSION 
8.1  DONOR COLONY 
The overall impact on the donor colonies from the removal of 30 cm (3, 10cm clippings) 
of tissue was minimal.  After just one month the colonies had repaired their clipping 
wounds and had formed new apical ends (growth tip).  Lesion repair within a month of 
branch removal was also seen in an A. cervicornis nursery in Biscayne National Park, 
Miami, FL (Lirman et al. 2010).    
 
Donor colony survival for the project was low (58%) with only seven of the initial 12 
colonies surviving through the monitoring period.  The main cause of the high mortality 
was due to four colonies going completely missing.   The loss of the four donor colonies 
in just one year implies that this species in the colony form is highly ephemeral. The high 
energy environment seen in Broward County, FL might be an influencing factor in 
colony survival.   The final colony that died (donor 2) was due to successive 
fragmentations. Although disease was never seen during a monitoring event it could have 
been affecting this colony and possibly weakening the coral skeleton increasing the 
likelihood of fragmentation.    
 
Colony fragmentation was a common occurrence throughout the 19 months of colony 
monitoring, 50% of the 12 donor colonies were affected at varying levels by branch 
breakage.  However, breakage was likely underestimated because of the fast healing rates 
(less than 30 days) of the lesions and the time between data collection (3 months).  The 
increase in natural fragmentation between the May 2008 and September 2008 monitoring 
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correlated with the tropical storm season, the peak of hurricane season is from mid-
tional Weather Service 2009). Although there were no major 
hurricanes affecting Broward County during the 2008 season there were two tropical 
storms, Fay and Hanna that passed close by SE Florida during the month of August 
causing an increase in wave height (www.nhc.noaa.gov).  All of the donor colonies sites 
were within 1 km of shore and in less than 7m depth which could increase the impact that 
weather patterns have on the survivorship and growth of A. cervicornis colonies.   
 
All the occurrences of disease on donor colonies (n=3) were recorded during the 
September 2008 monitoring.  This monitoring event followed a dramatic drop in water 
temperatures occurring at the end of August (Figure 24).  A week before the dramatic 
drop in temperature the maximum temperature was recorded for the summer, 30.16 °C.  
This dramatic change in water temperatures may have lead to the increase in coral stress 
and the possible onset of RTL.   The time period for coral stress in the donor colonies 
(September 2008) was similar to that of the nursery (August 2008).  Disease however, 
was not a contributing factor to complete colony mortality; the three colonies that were 
affected by disease only resulted in partial colony mortality. 
 
Because of the frequency of fragmentation quarterly measurements were not an adequate 
time frame to obtain accurate donor colony growth measurements.    The fragility of this 
branching species made changes in colony morphology between monitoring periods 
great, which made repeated measurements difficult.  Because of fast growth rates and 
natural fragmentation two donor colonies in close proximity to other natural colonies had 
August to late October (Na
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merged with the neighboring colonies by the end of the monitoring period, which made it 
difficult to define colony boundaries.  The merging of two or more colonies resulted in 
the over estimation of colony size and growth.  The high occurrence of colony breakage 
could have underestimated the growth rate of colonies.   
 
Donor colony growth was recorded in change in colony diameter.  Mean colony growth 
from the initial collection to the final collection (April) was 26 ± 24 cm year -1.  This 
rowth rate includes all colonies surviving until the end of the project with a positive 
tely determine the growth of 
aturally occurring donor colonies.  These studies may include marking individual 
g
growth rate.  When the colonies that had a negative project growth rate were included the 
project growth rate was still positive at 8 ± 31 cm year -1.  Showing that while colony 
breakage is common, it is not causing large negative impacts on colony survival and 
growth. 
 
There were differences between donor colony growth rates that could possibly be 
explained by colony genotype.  However, the growth data does not properly represent 
colony growth because of the high occurrence of fragmentation and partial colony 
mortality.  Additional studies should be preformed to accura
n
branches with cable ties or wire and repeatedly measuring the branch tip at monthly 
intervals. 
 
Within Broward County each donor colony site resulted in separate genets.  There were 
two sites (1 and 4; colonies 1 and 1.1, and 4 and 4.1 respectively) that had multiple donor 
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colonies which resulted in replicates of the same genotypes (ramets).  These results could 
imply (although sample size is low) monotypic A. cervicornis sites within Broward 
County, which is not an uncommon result for this species (Bak and Criens 1981; 
Tunnicliffe 1981).  Donor colony sites ranged from northern Broward County to southern 
roward County covering a range of 27 km.  The closest distance between donor colony 
SERY 
fter 14 months of data collection at the nursery we can conclude that the process of 
nicliffe 1981; Gladfelter 1984; Bruckner 2002; Shinn et al. 2003).  There were 
ifferences seen between genotypes for survivorship, growth and branching events.   
B
sites was about 0.25 km.  Additional sampling should be done between these initial 
sample locations in order to look at the genetic composition of Broward County.  The 
distance A. cervicornis larvae travel is currently unknown, but if it is less than the 
distance between genets than the likelihood of successful sexual reproduction by the 
populations of A. cervicornis would be rare.  
 
8.2  NUR
A
taking fragments from naturally occurring donor colonies was successful as defined by 
our 70% survival of transplanted fragments.  Mortality within the nursery only occurred 
when water temperatures were raised to near threshold degrees or during upwelling 
events.  We also found that vertically transplanted fragments have a higher survival rate 
than horizontally transplanted corals.  Overall fragment mean linear growth rate (9.61 ± 
3.72 cm year-1) was within the ranged published previously for A. cervicornis (Shinn 
1966; Tun
d
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8.2.1  SURVIVAL 
Initially, the mortality of the fragments at the nursery was unacceptably high, 56%. The 
first transplantation event occurred on September 14, 2007, the day where the maximum 
temperature was reached for the year of 30.75 °C (Figure 24).  Only 18 fragments were 
transplanted during this event and resulted in 50% mortality one month later.  During the 
first transplantation event other stony corals, gorgonians and palythoa spp. showed signs 
of stress through paling and bleaching (pers. obs.).  Because of the high rate of mortality 
and site stress, transplantation was delayed one month.  October 18, 2008, the day of the 
second transplantation water temperatures had only dropped 2.18 °C and corals 
transplanted during this event also had high mortality, 42%.  Transplantation was again 
ntil water temperatures cooled and other corals at the site returned to normal 
onths later water temperatures had dropped to 25.73 °C (a 5 °C drop 
from the initial transplantation event) corals transplanted during this time had only 22% 
mortality after one month.   
 
Temperature has been known to cause mortality in scleractinian corals when water 
temperatures are greater than 36 °C.  Acroporids have been shown to have a  lower 
temperature threshold of  32 °C (Kinsman 1964).  Acroporids are also known to be 
affected by cold water, less than 16 °C (Mayer 1914; Kinsman 1964).  The optimal 
growth temperature for Acroporids is 26 ° - 29 °C (Kinsman 1964; Shinn 1966).  Based 
on the mortality that occurred at the nursery and the published optimal growth 
temperatures I would suggest that transplantation of A. cervicornis fragments in Broward 
County should not be done while water temperatures are greater than 27 °C.  To achieve 
postponed u
coloring.  Two m
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higher fragment survival rates transplantation should occur during times (Williams and 
temperatures.  The mortality seen at the 
 nearby patch resembled what is described as RTL (Williams and Miller 
Miller 2005) of cooler water temperatures, typically November- May.   
 
After the initial mortality from temperature and transplantation stress the only other time 
mortality was seen was during the month of August.  In August 2008, water temperatures 
returned to neared threshold highs.  The maximum temperature recorded for 2008 was 
30.16 ° C on August 1 and remained at 30 ° C for 3 days.  Following the days of 
maximum temperatures an upwelling event occurred, which lasted for about 12 days and 
resulted in a water temperature drop of nearly 4 ° C.  The nearly 4° C change in 
temperature correlated with a mortality event seen throughout the nursery and a nearby A. 
cervicornis patch (pers. obs.).  It appears that not only can mortality events be correlated 
with high temperatures, but also long lasting dramatic fluctuations in temperatures (Shinn 
2008).  This may be especially true during the summer months when the corals were 
already stressed from being near threshold 
nursery and
2005).  During the entire monitoring period there were no visual signs of WB disease or 
predation at the nursery. 
 
Of the 90 fragments transplanted to the nursery 2/3 were transplanted vertically and 1/3 
horizontally.  Vertically transplanted fragments had a higher survivorship than 
horizontally transplanted fragments, which may be due to the greater amount of exposed 
tissue on the horizontal fragments at time of transplantation (both ends exposed) or the 
amount of epoxy touching the live tissue.  Okubo et al (2005) also found poor survival 
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rates for horizontally transplanted fragments of A. formosa and A. hyacinthus. Survival of 
their small fragments (~5 cm) were less than 8% for both species, however, they had 92% 
rvival for large (~20 cm) A. formosa horizontal fragments.  Survival of vertically 
8.2.2  GROWTH 
atural colonies may be overwhelming as the average colony size 
=12) was 69 x 55 x 28 cm with a mean of 108 branches. Therefore while a good 
su
transplanted fragments ranged from 29- 100%, time of year and size of fragment 
influenced the rates of survival (Okubo et al. 2005).   
During this project two types of in situ measurements were collected at the nursery 
(linear growth and tissue extension).   Currently the only known published data for 
A.cervicornis are linear growth measurements.  The linear growth measurement shows 
one aspect of fragment growth but tissue extension captures overall colony growth 
increasing with complexity (addition of branches). Because one of the purposes of this 
thesis was to determine what method of transplantation produces the most material, tissue 
extension is an appropriate measurement to record.  However, the time required to take 
the measurements for tissue extension were great.  After seven months fragments had a 
mean sum of tissue per fragment of 17 cm with a mean of 4 branches.   The 
measurements of the fragments (n=100) took two divers three hours each.  Applying this 
type of measurement to n
(n
measurement for small fragments in close proximity it would be unmanageable for 
natural populations of large colonies or masses. 
 
The seasonal patterns of greater growth during warmer months followed by slowed linear 
growth in the cooler months was also a trend seen in Acroporids by Shinn (1966) in the 
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Florida Keys and Crossland (1984, 1981) in Western Australia.  Corals tend to grow 
faster during the summer months when water temperatures are ideal (Shinn 1966; 
Crossland 1981,1984), sunlight hours are longer (Crossland 1984; Yap et al. 1998) and 
waters tend to be less turbid, all of which are ultimate conditions for coral growth. 
However, there are also a few studies in which there were no significant linear growth 
differences seen between months (Tunnicliffe 1980; Gladfelter 1984) and Yap and 
 the linear growth and tissue extension 
easurements (section 6.2.2).  During the summer months (June- August) the rate of 
Gomez (1981) found the opposite, decreased growth was during the warmer months 
when temperatures reached 30 ° C.   Rates of growth in the nursery ranged from 3.9 to 
16.5 cm year-1, which was within other published growth rates of 3-15 cm year-1 for A. 
cervicornis (Shinn 1966; Tunnicliffe 1981; Gladfelter 1984; Bruckner 2002; Shinn et al. 
2003). 
 
After just one month in the nursery the fragments had begun growth over the epoxy and 
started forming new apical ends.  Bak and Criens(1981) noted that within two weeks of 
fragmentation A.cervicornis and A. palmata had begun forming an attachment point to 
the substrate. For the first few months of monitoring linear growth and tissue extension 
were relatively low, fragments first established their base and attachment area and then 
began to grow upwards, which was also seen by Gilmore and Hall (1976) during their 
study on Acropora fragments in the Florida Keys. This pattern of growth is also 
supported by the seasonal differences between
m
linear growth was the greatest about 16 cm year -1.  During this same period tissue 
extension remained contestant at 65 cm year-1.  It was not until after the increase in 
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branches per fragment in September that tissue extension increased again.  It appears that 
fragments are maintaining during the summer months by increasing the length of the 
branches on the fragment and it is not until the fall that fragments produce more branches 
increasing the rate of tissue extension.  The time frame that the fragments produce 
branches follows the annual spawning event of July or August.  This could suggest that 
during the months prior to spawning A. cervicornis contributes most of its energy to 
reproduction rather than growth.  After spawning energy is then used for the production 
of branches and extension. During the last two months of the A. cervicornis reproductive 
cycle eggs are developing from stage II to stage IV, which requires an increase in energy 
requirements.  Also during this period spermaries are developing requiring additional 
energy. 
 
The number of branches per fragment increased continually throughout the monitoring 
period, showing that small fragments when transplanted will begin forming small 
colonies quickly, if under the right conditions.  The number of branching events nearly 
doubled between the September and October monitoring events, naturally occurring 
colonies in the area also started to bud at this time (pers. obs).  Donor colonies monitored 
in April 2009 also had up to a 5 time increase in apical ends from the September 2008 
monitoring.  It appears that A.cervicornis colonies and fragments start to produce 
branches during the fall and winter months. Shinn (1975) noted that during 15 years of 
monitoring staghorn coral, branching occurred between December and February and that 
at least half of the stalks formed 2- 4 new branches. 
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In December 2007, 90 fragments were transplanted in the Broward County nursery the 
total combined live tissue in the nursery at that time was 288 cm.  After 11 months the 
total combined live tissue had increased to 2,787 cm (n=63), a nearly ten-fold increase in 
live tissue. Each donor colony initially lost 30 cm of tissue to the nursery.  Each 30 cm 
clipping from the donor was divided into nine 3 cm fragments at the nursery.  Each 3 cm 
fragment after 11 months grew to a total mean live tissue per fragment of 40 cm.  Since 
each donor had nine 3 cm fragments the total tissue gained in the nursery per donor 
colony was 330 cm in 11 months (40 cm x 9 fragments – 30 cm (initial length removed 
from donor colony)).  The increase in tissue replaced the tissue removed from each donor 
colony in addition to nine close to mature colonies.  Reproductive literature states that 
there are sterile zones on coral colonies that are not as fecund as other areas on the 
olony.  The sterile zones on A. cervicornis have been documented to be the first 2-10 cm 
  
8.2.3 ORIENTATION 
ds.  Vertical fragments had higher 
rvivorship, but decreased final production (branches) in comparison to horizontal 
c
of the branch tip and the base of the colony.  Nursery fragments within one year of grow 
have surpassed or are close to surpassing the considered sterile zone, mean fragment 
height in November 2008 was 11.5cm with a mean of 8.7 branches and a mean length of 
each branch of 5.5cm.  With eight to nine months of growth before the next spawning 
season it is likely that a majority of the fragments will be at a size capable of reproducing.  
Horizontal fragments had only 50% survival throughout the entire monitoring period, 
which may have been due to the transplantation technique used.  However, horizontal 
fragments had greater growth and final number of branches per fragment, which may be 
due to horizontal fragments having two growth en
su
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Table 23. Theoretical outcomes based on an initial n= 90.  Percent survival and mean branches 
% Survival 
per fragment are real data from this study.  The mean number of branches per fragment is the 
final number of branches a fragment would have after 1 year of growth.   
fragments. During the final monitoring event the mean number of branches per fragment 
(5mm or greater) for horizontal fragments was 11 and vertical was 8.    
 
These results suggest that examining alternative methods for transplanting horizontal 
fragments may increase survivorship, yielding higher net production.  Theoretically, if 
the survivorship of horizontal fragments could increase to that of vertical fragments 
(83%) and based on this studies result that horizontal fragments had a mean of 11 
branches at the end of the project, the final net production from horizontal fragments 
would be 822 fragments just over 200 more than that of the vertical fragments (Table 23).  
If alternative methods can increase the survival of the horizontal fragments the net 
production of outplanted fragments would greatly exceed that of vertical fragments.   
When a projects success is based on fragment survival and net production determining 
these alternative methods would greatly improve the success of the project.   
 
 
Fragment 
Orientation 
Mean Branches 
per Fragment 
Net 
Production 
Horizontal 62% 11 614 
Vertical 83% 8 598 
Horizontal 83% 11 822 
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8.2.4  GENOTYPE 
Based on the data collected for this project there were differences seen in survivorship, 
certain coral genotypes.  Genotypes 4, 5, 8 and 
-1 
2
ean final number of branches per fragment, which resulted in the highest rate of 
issue was 
ranked third in m
lowest m  of b fragment and also had l  
extension t be implying that these genotypes put their energy into surviving 
rather than  and fast gr because they als ad 100% surviv
 
he differences seen between genotypes may be further explained through examination 
f the genetic background.  Zooxanthellae genotyping may correlate with survival or 
even growth differences between genotypes.  Differences between skeletal densities 
could explain the likelihood of colony fragmentation and survival.  
growth and branching events correlated to 
10 appear to be the strongest genotypes within the nursery and donor colonies.  Each of 
the donor colonies for these genotypes survived throughout the entire project with 
minimal partial mortality.   Partial colony mortality for three of the colonies (4.1, 8 and 
10) was due to colony fragmentation with the highest colony mortality was 60% (donor 
8).  These four donor colonies (4, 5, 8, and 10) also had the greatest increase in colony 
length (Table 5) across the entire monitoring period, and they had the highest four 
survival rates of nursery fragments, 89% or greater (Table 8).  The highest mean linear 
growth rates also were from these four genotypes, all had a mean growth of greater than 
9.5 cm year (Figure 6).  The rate of tissue extension was variable and dependent on the 
final number of branches on the fragments (p< 0.0001; r = 0.8849).  Genotype 4 had the 
highest m
t  extension. Genotype 8 had the second highest rate of tissue extension and 
ean number of branches per fragment.  Genotypes 5 and 10 had the two 
ean numbers ranches per ow rates of tissue
, which migh
 branching owth, o h al. 
T
o
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While it appears that there are differences seen between genotypes, the important 
 
tion)
ll be difficult to properly restore populations of threatened 
question that needs to be answered is whether it is worth targeting certain genotypes for 
A.cervicornis nurseries or if these nurseries are just a means to collecting genetic data. 
Based on the data collected for this thesis I would conclude that there is not enough 
evidence to state that time should be taken to choose certain genotypes for restoration 
purposes.  Not only would this method possibly overlook genotype capabilities such as 
the ability to survive a bleaching or disease event not yet encountered, but also longevity 
of a genotype.  Coral nurseries are established to maintain a stock of coral that can be 
used for reef restoration, population enhancement or resource management purposes.  We 
do not know if based on genotype that a coral transplanted to a nursery location will 
“perform” the same when it is outplanted (taken from the nursery and transplanted to 
another loca  for a restoration project.  Even if there is a more resilient genotype, 
efforts should not be made to only target that genotype, especially for a species of coral 
that has very low rates of sexual reproduction, such as A.cervicornis.  One of the goals of 
this project was to decrease the distance between genetically unique fragments/colonies, 
by bringing them into a nursery, in order to increase the likelihood of sexual 
reproduction. 
 
However, I do recognize the need for genetic data and without background knowledge of 
a species genetic diversity it wi
species.  Therefore, genetic sampling should not be overlooked but at the same time 
should not be the basis for establishing coral nurseries.  Yes, it is ideal to have a 
genetically diverse nursery in order to facilitate sexual reproduction but, we should not 
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also be facilitating possible genotype domination, by selecting for certain genotypes 
without accurate information. 
 
Within Broward County only twelve colonies were monitored resulting in ten distinct 
genotypes.  Based on personal observations I have sampled a very small portion of the 
population within Broward County.  In order to fully understand this unique population 
more sampling should occur to properly describe this species status.  Additional sampling 
could lead to determining the likelihood of this species to recover from its threatened 
status. 
 
This nursery was extremely successful in terms of production from a small amount of 
material.  The effort that was required to have a ten-fold increase in tissue at the nursery 
was minimal.  The only time required for the success of the nursery was the initial 
transplantation of the fragments.  Although the nursery was maintained each month by 
cleaning each puck, it does not seem necessary for success. The new growth on the puck 
did not seem to be hindered by overgrowth (turf algae, coralline algae, porifera or 
bryozoans).  Fragments could be transplanted to the nursery and left to grow until 
aterial is needed for outplanting.  Because this nursery was placed directly on reef m
substrate branches that broke from a fragment and fell to the substrate had a 100% higher 
survival rate than if the nursery were placed in sand.  Although permits may be difficult 
to get to deploy large numbers of structures on reef, it was a benefit of our nursery and 
also alleviates the maintenance of rescuing fragments.   
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A nursery provided an optimal location for studying fragments from multiple donor 
colonies in one environment, which provided the ability to draw conclusions based on 
onor colonies.  However, this same success could have the same results if done at each 
e distance needs to be between two genetically unique populations for successful 
ross fertilization. This would eliminate the nursery step and could be treated like 
 a nursery will survive and grow 
similarly to the patterns seen in the nursery. 
d
donor colony site.  Instead of bringing fragments out of their natural habitat (donor site), 
fragments could be attached to the substrate where they are found, increasing the 
likelihood of survival, and increasing the density at the site.  This method would also 
eliminate any additional structure needed for a nursery.  In order for this method to be 
successful in facilitating sexual reproduction additional studies would need to determine 
what th
c
outplants. 
 
In conclusion, the overall project goals were met by locating wild donor colonies within 
Broward County, FL, taking clippings from those donor colonies and transplanting them 
to a nursery site.  We had a very high success rate and saw significant increases in 
fragment growth throughout the monitoring period.  The methods used proved to be 
minimally invasive, low cost, successful and easily applied to not only restoration efforts 
associated with A. cervicornis, but other stony or soft corals.  Through the methods 
presented we were able to take clippings from just 10 wild donor colonies and in just one 
year we were able to produce over 330 living fragments within Broward County, FL 
which will be outplanted to reef sites within the county.  The results of the outplanted 
corals will provide insight into whether corals raised in
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